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Art. XX XIIL—WNotice of the discovery of a Cave in Eastern Penn- 
sylvania, containing remains of Post-Pliocene Fossils, Ancluding 
those of Mastodon, Tapir, Megalonyx, Mylodon, etc.; by CHARLES 
M. WHEATLEY. 


THE remains herein described were recently discovered in 
what was at one time a cave, in the limestone quarries at Port 
Kennedy, Upper Merion township, Montgomery county, Pa., 
owned by J a 64 Kennedy, Esq., to whom I am indebted for the 
possession of the remains, and who has afforded me every facil- 
ity for exploration and investigation. 

The cave is in the Auroral Limestone of Rogers, regarded as 
the equivalent of the Black River and Chazy Limestones and 
Calciferous Sand Rock of New York, at its junction with the 
Mesozoic Red Sandstone and near a belt of the Primal series of 
Rogers, (fig. 1.) Caves of more or less extent have often been 
met with in these quarries; but most of them have been 
entirely worked away in getting out the stone for lime, and, as 
far as ascertained, none of them communicated with the surface, 
or contained any organic remains. 

Recently, however, in cutting through the floor of a small 
cave, nearly the whole of the walls of which cave had been 
removed for lime, the workmen found a tooth. This tooth was 
brought to me by Dr. Quick of Phoenixville, as a tooth of the 
Mastodon. In company with him I immediately visited the 
locality, and found one end of the cave remaining, and having 
the form in a transverse section exhibited in figure 2. The 
width at the top is about twenty feet; below, it gradually 
expands to thirty feet; and then there is a rapid contraction 
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downward, until, at a depth of about forty feet (B), it is ten feet 
wide. The whole of the space above this level is filled with 
the débris of the adjoining Mesozoic red shale, with occasional 
angular fragments of Auroral limestone, without any trace of 
organic remains. Where the cave narrows to ten feet (B) the 
floor is composed entirely of a black clay 18 inches thick, filled 
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Map of the region, showing the position of the Lime Quarries and cave; area lined vertically, 
—— of Mesozoic red shale ; horizontally, of Auroral limestone; obiiquely, of Primal sand- 
with leaves, stems, and seed-vessels of Post-tertiary plants. Scat- 
tered all through this mass of vegetable remains, and also in a 
red tough clay underneath, for six to eight inches in depth, are 
found the fossils noticed in this paper. 

The Mastodon is JZ Americanus of Cuvier. One of the 
teeth measures sixteen inches in circumference; the enamel is 
white or cream-colored, and well preserved. The tusk was 
uncovered for three or four feet in length, and was from five to 
six inches in diameter, but crumbled into fragments on being 
moved. The large bones are light cream color, much decom- 
posed, but some of the articulations are very distinct. 

In addition to the Mastodon and Tapir, Prof, E. D. Cope and 
myself have determined Sloths of the genera Megalonyx, and 
Mylodon, a large Artiodactyle, an Equine animal, and a large 
bear, the full size of the grizzly, besides other species mentioned 
beyond. This bear is entirely distinct in character from exist- 
ing species of North America and the northern regions of the 
old world, as well as from the cave bear of Europe. It has been 
described by Leidy from a single molar from South Carolina, 
and if of the true genus Ursus, as is probable, will stand as 
Ursus pristinus Leidy. 

The bones of Megalonyx are some of them in an excellent 
state of preservation ; the claws and other bones of the feet espe- 
cially are exceedingly perfect. Several canine and molar teeth 
of Megalonyx, 14 by 1# inches, with the cement and crowns 
perfect, have been found. 


| | | 


in Eastern Pennsylvania. 237 


Of Mylodon both bones with claws and teeth have been dis- 
covered ; also teeth and bones of a large Tapirus, the teeth of 
which retain their white highly-polished enamel. The bones of 
both Mylodon and Tapirus are dark-colored, and the bone-cells 
usually filled with iron pyrites. 


Section of cave and adjoining rock ; M, Mesozoic shale; A, L., Auroral limestone. 


There are rodents of the existing genera Hesperomys, Fiber, 
Sciurus, Lepus, &c. The reptiles are serpents, tortoises and 
batrachians of several species. A number of Coleoptera are 
fortunately preserved, several of them Carabide. Several spe- 
cies of birds occur, including a turkey, snipe, &c. 

The remains of Mylodon, Ursus and Tapirus have been 
mostly obtained from the tough red clay directly under the 
plant bed, but the remains of rodents, snakes, tortoises, birds, 
plants and insects, are entirely confined to the plant bed. Nei- 
ther the bones or teeth are rolled or water-worn, but all are 
sharp and well defined. 

As far as our investigations have progressed, the cave has 
now afforded us the following species :— 

Mastodon Americanus Cuv., 1; Mylodon, 1; Megalonyx, ?2; 
Tapirus, 1; Equus, 1; an undetermined ruminant; an undetermined 
carnivore; Ursus pristinus, and another undetermined species, 2; 
? undetermined Bat; Lepus, 1; Arvicola, 1; Sciurus, 1; Fiber, 1; 
Hesperomys, 1; ? undetermined rodents, 2; Coluber, 2; Tropido- 
notus, 1; Crotalus, 1; Cistudo, 2; Rana,1; ? Turkey, 1; Snipe, 1; 
making in all, 27. 

Vertebrates, 27; Coleoptera, 10; Plants, 10; total, 47 species. 

Pheenixville, Pa., February, 1871. 
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ArT. XXXIV.—On the Geology of the Delta, and the Mudlumps 
of the Passes of the Mississippi ; by Euc. W. HILGArp. 


[Read before the American Association at its last meeting in Troy.] 


IN previous papers* read before this Association, I have com- 
municated the results obtained during two successive geological 
expeditions to Louisiana, so far as the more ancient formations 
are concerned. It is the object of the present communication 
to present and discuss the phenomena of that portion of the 
territory explored by me, lying within what is usually con- 
sidered the alluvial area proper, or Delta, of the Mississippi 
river. Most of these observations were made in 1867, during 
the first of these excursions referred to, under the auspices of 
the Smithsonian Institution; their publication having been 
delayed in consequence of want of time, on my part, to carry 
out the large amount of chemical and microscopic work in- 
volved in the discussion, which is even yet far from being as 
full as would be desirable. I hope, however, to be enabled, 
hereafter, to continue the investigation of the subject, both in 
the field and in the laboratory.+ 


I. The Upper Delta Plain. 


I recall to mind the fact that, as we descend the Mississippi, 
the older strata successively sink from view. A few miles 
below Vicksburg we lose sight of the older Tertiary. Thence 
down to the latitude of Tunica Bend, La., we find the rocks of 
the Grand Gulf (Tertiary) age, possessing but a very faint south- 
ward dip. Next, the oldest representative of the Quaternary 
epoch, viz., the stratified Drift or Orange Sand, disappears 
beneath the water's edge near Port Hudson; while the swamp, 
lagoon and fluviatile beds, which have given notoriety to the 
latter locality, are seen above high water level not much farther 
south than the city of Baton Rouge. 

The gradual descent and successive disappearance of these 
strata is not, however, altogether a phenomenon of dip, in the 


* This Journal, II, vol. xlvii. Jan. 1869; Tbid., xlviii, Nov. 1869. 

+ For material assistance in the investigations embraced in this paper, I am 
especially indebted to the officers of the Delta Survey in charge of the Coast Sur- 
vey schooner Varina—Messrs. F. P. Webber and Henry L. Marinden, for reports 
of observations and specimens furnished ; to Capt. Day, in command of the same 
vessel, then moored at the Head of the Passes, for a boat’s crew and personal 
assistance in the examination of the mudlumps; to Mr. Moulton, of the Cromwell 
line of steamers; to Captain Ed. Yorke, of the Towboat Association, and to Capt. 
Andrews, then of the dredgeboat at the Southwest pass, for free transportation on 
their respective vessels; and to Capt. Tilford and other gentlemen of the N. O. 
Pilot Association, for generous hospitality as well as much valuable information. 
For similar favors I am indebted to Dr. Copes, President of the N. O. Acad. of 
Sciences, as well as other members of that body. Other acknowledgments wil! 
be found in their proper places. 
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usual sense, but in a great measure the result of consecutive 
deposition; while the surface slope of the Port Hudson deposits 
is manifestly in a great degree due to denudation, and in part, 
no doubt, to deposition on a sloping bottom. At Port Hudson 
as well as elsewhere, where extensive = can be seen, the 
deposits of that era exhibit the basin shape; both on the large 
and, sometimes, on the small scale. In this as well as in their 
lithological and paleontological features, they greatly resemble 
deposits now forming over large areas; and where the two are 
in juxtaposition, it is often difficult, sometimes impossible, to 
draw the line between them, since qualitatively their process of 
formation has been manifestly the same. Both above and 
below Port Hudson, and down as far as Fort St. Philip, the 
apparently alluvial river banks frequently exhibit at low water 
edge, solid blue clays, with cypress stumps and twigs imbedded 
therein, scarcely disting uishable from some materials occurring 
at Port Hudson, Cote Bl: anche, and other localities of the Port 
Hudson age ; and as neither can be expected to contain any but 
living organisms, it is, thus far, from general considerations 
alone, that we can hope to deduce their real age. It might 
seem, at first sight, that the distinction is practically of little 
moment; but when it is considered that the Port Hudson 
deposits are separated in time from those of the present era, by 
a large portion of the “Champlain” period of depression, plus 
the entire “Terrace” period of elevation, it becomes obvious 
that the distinction is one of no little theoretical, and some 
practical, interest. For while the Port Hudson strata yield to 
the augur almost invariably a considerable rise of artesian 
water, no such result can usually be looked for in either river 
or delta deposits. 

I think that a retrospective view of the geological history of 
the lower Mississippi Vallev and Gulf Coast, as developed by 
my observations in the States of Mississippi and Louisiana, will 
serve to show the probability that by far the greater portion of 
what now constitutes the alluvial plain of the lower Mississippi 
is covered by the river deposits toa comparatively insignificant 
depth only; excepting ts the ever shifting river “channel 
itself has caused an unusual depth by excavation and subse- 
quent filling up. 

I have shown that toward the close of the Drift period, the 
place of the present Mississippi was occupied by what, but for 
its stupendous proportions, might be termed a torrent of fresh 

water, having, even as far south as the present coast line, a 
velocity sufficient. to transport pebbles of five to six ounces 
weight, from localities not nearer than Tennessee and northern 
Arkansas ; together with the smaller ones derived, doubtless, 
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from the same sources as the drift boulders of Missouri and 
Tllinois.* 

In the bored wells of Calcasieu, these pebbles have been 
found as much as 450 feet below tide level; the inevitable 
inference being (provided the sea level remained constant), that, 
since the time of their transportation, the coast has suffered a 
depression to at least that extent—in matter of fact, probably, 
fully twice that amount.¢ The thickness of the drift stratum 
is about one hundred feet, the materials growing finer toward 
the top; indicating, therefore, a diminished velocity of the 
depositing current. 

Overlying this sand and pebble drift, we find, as at Port 
Hudson, alternating strata of more or less lignitiferous clay 
and sand, 350 feet thick; a 130-foot clay bed lying on top. 
In its uppermost portion, this bed recalls to mind at once the 
variously colored clays of the Céte Blanche profile, with their 
caleareous concretions; but here, according to the concurrent 
testimony of the inhabitants and the microscope, marine shells 
take the place of the fresh-water fauna observed at the former 
locality. The sands which, on the whole, predominate in the 
lower portion, are readily distinguished under the microscope 
from those of the drift, by the predominant sharpness of the 
grains, and the occurrence of particles of lignitized wood ; 
but I have not thus far succeeded in finding in them any other 
organisms. They resemble strikingly the materials obtained at 
corresponding depths in the bored wells in the city of New 
Orleans. 

Few deep wells exist near the coast, in the interval between 
that city and the Calcasieu bores. In the only one of which I 
possess definite data, viz., at Salt Point on Bayou Salé, a bed 
of marine shells was found after passing through the first clay 
bed, at 60 feet. 

* Miss. Rep., 1860, p. 26 and ff.; this Journal, II, May, 1866; and Nov. 1866; 
Ibid. Jan.. 1869; Ibid. Nov.. 1869. 

The magnitude of this phenomenon would give it a continental significance 
even if it were c nfined to what I have termed the “ Orange Sand delta,” below 
Cairo. But as I have elsewhere stated, similar pebble streams, with slack water 
deposits of ferruginous sands intervening, exist in Texas; and I have the satis- 
faction of adding to the array of facts heretofore presented in connection with 
this subject, the testimony of Prof. Safford, of Tennessee; who, upon discussion, 
finds that the phenomena presented by the ‘Bluff gravel,” “ Ore region gravel,” 
and ‘‘ Eastern gravel” of this report, are most satisfactorily accounted for, and 
brought under a common point of view, upon the basis set forth in my publica- 
tions, above referred to. 

In connection with Tuomey’s and my own observations in Alabama, and farther 
east, thse of Prof. Safford acquire additional significance, and the southern strati- 
fied drift an additional claim upon the serious attention of American geologists. 
Compare Prof. Newberry’s interesting paper on ‘The Surface Geology of the 
basin of the Great Lakes, and the Valley of the Mississippi,” where it is stated 
that ‘‘ no deposits, corresponding to the drift of the northern and western states, 
exist south of the Ohio river.” (Ann. Lye. Nat. Hist., N. York, ix, 213, 1869). 

+ This Journal, II, Nov., 1869, p. 335. 
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The same is true of the formation skirting the coast of Mis- 
sissippi Sound. Deep wells there sometimes, though not al- 
ways, strike beds of marine shells, and water possessing a con- 
siderable rise, after penetrating the uppermost clay bed; which 
there usually also contains cypress stumps, and forms the “blue 
clay bottom ” of the Gulf coast. Sometimes, though rarely, de- 
posits of marine shells, of living species, appear in the beds of 
streams. But so far as I know, their occurrence is limited to 
within a moderate distance from the general coast line; so that 
the great body of the formation underlying the upland parishes 
of East Louisiana, the Attakapas and Calcasieu prairies, as well 
as the coast-belt of prairies in Texas, consists of marsh, lagoon, 
and fluviatile deposits, with, probably, many an inlet or estu- 
ary of a more or less brackish or marine character. 

Obvious as is the conformation of this littoral belt to the 
outline of the Gulf coast, the Mississippi valley influences it 
only in so far, as that its strata have here, probably, their high- 
est absolute elevation,* and farthest extension northward. The 
latter circumstance is the natural consequence of the existence 
of the depression which, at least since the opening of the Creta- 
ceous period, has determined the outline of the formations south- 
ward of Cairo—an embayment which, with every succeeding 
period of deposition, became less concave, until at the close of 
the Grand Gulf epoch, the concavity had all but disappeared. 
During the period of slow depression which characterized the 
Port Hudson er: a, the present general coast line must have been 
established ; and, when upon the reversal of the movement of 
subsidence, the waters of the continent began to be discharged 
through what is now the lower Mississippi valley, the erosion 
seems to have been checked everywhere, save perhaps in the 
main channel, by the tough cypress swamp clay which now 
forms the immediate substratum of the lower littoral belt, and 
extends far into the waters of the Gulf. 

It is incredible that the deposition which occurred along the 
whole Gulf coast from Indianola to Mobile, should not have 
taken place also in the main axis of the depression which, as 

the trend of the formations shows, had in a great measure been 
filled up. Yet, inasmuch as this was the deepest portion of the 
area, it is to be expected that here, if anywhere, marine deposits 
should extend far inland. We shall not, therefore, be surprised 
to find that, as Pourtalés has proven from the soundings made 
under the direction of Gen. Humphreys, the Mississippi river 
flows on marine beds, at New Orleans and Bonnet Carré. It 
would rather be remarkable if such beds should not appear 
even much higher up the river, since even in the comparatively 
* As regards the main body. At Weeks’ Island and Petite Anse, and probably 


at Céte Blanch2 and Orange Island, their elevation exceeds that at Port Hudson 
bluff. 
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insignificant valley of Pearl river, they have been met with in 
the latitude of Baton Rouge,* about 30 miles from the coast. 

It is, doubtless, owing to the formation of these swamp depos- 
its, and their subsequent resistance to denudation during and 
since the Terrace epoch of elevation, that the main body of the 
truly alluvial delta is thrown so far beyond the general coast 
line,t out into the Gulf. It is the shallow ‘‘ blue clay bottom,” 
so well known to navigators on the Gulf coast, which forces the 
great river to advance its mouths so rapidly toward deep water, 
by the accumulation of its own deposits; and the borings made 
at New Orleans have shown how slight is the thickness, even at 
such an advanced point, of the river deposits proper, overlying 
the older formation. 

I owe to the active interest taken in this subject by Gen. A. 
A. Humphreys, U.S. A., an opportunity of examining, not 
only the specimens collected during the boring of the artesian 
well at New Orleans by a committee of the New Orleans Acad- 
emy of Sciences (so far as they were preserved from destruc- 
tion during the war); but also those obtained in the soundings 
made by the delta survey under his charge, upon which a very 
able and minute report of a microscopic examination had previ- 
ously been made by Mr. L. F. Pourtalés. Upon the strength 
of the data furnished by the latter, as well as by the profile con- 
structed by the committee of the Academy (reproduced in the 
“Report on the Physics and Hydraulics of the Mississippi 
river”), Gen. Humphreys concluded that at Bonnet Carré and 
New Orleans, the river flows on an ancient sea bottom, which 
he conjectured to be of Tertiary age. Sir Charles Lyell hav- 
ing questioned the correctness of this view, Gen. Humphreys 
obtained from the N. O. Academy as complete a suite of speci- 
mens of the borings as could be collected, and referred them to 
me for examination. The first results of this investigation are 
given, in substance, in the first volume of Lyell’s Principles of 
Geology, 10th edition, p. 459; they were based substantially 
upon the determination of the visible shells (mollusks) con- 
tained in several of the specimens, embracing, fortunately, most 
of the important horizons mentioned in the profile. I have 
since gone over the whole ground, in the microscopic examina- 
tion of all the available specimens, with a view to determining 
their (marine or fresh water) character, and the admissibility of 
the supposition that they might belong to the delta formation 
proper. 

y detailed report of this examination will, I presume, be 
published before long.{ Unfortunately, most of the specimens 

* Miss. Rep., 1860, p. 156. 

+ Drawn, say from the mouth of Pearl river to Belle Isle, the most advanced 
outpost of the Port Hudson deposits on the Louisiana coast; which hne will pass 


near the city of New Orleans. 
¢ In Rep. of the U. S. Engineer Dept., for 1870. 
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representing the important clay strata (of 34, 323, 39, and 635, 

feet respectively), were missing; but as regards the rest, 51 in 
number, I found almost all derived from a lower level than 31 
Jeet, either characterized by marme organizations (shells, corals 
or foraminifera), or of such a character as, by their obvious con- 
nection with the others, to put them in the same category, 
although devoid of fossils. I cannot omit to mention in this 
connection, the extraordinary scarcity of marine organisms in 
some of the specimens brought up in sounding off, on and inside 
the bars of the Mississippi passes; the most patient search, 
even after concentration by washing, having failed to bring 
to light anything but minute fragments of wood, root and 
other vegetable fibers, and remnants of Navicule. These 
specimens had, it is true, been obtained during a period of high 
water; and others, collected at corresponding points, but at a 
different season, showed abundance of foraminifera, and even 
some visible shells. But in view of these facts, it is quite in- 
telligible how in an estuarian formation, forming at the outlet 
of the continental waters, many portions may have remained 
destitute of any vestige of marine life, though perhaps deposited 
in strongly brackish ‘water ; while any slackening i in the rate of 
depression would promptly cause a predominance of the fresh 
over the salt water, a stagnation, and consequent deposition of 
eleys; which would be nearly or quite free from vestiges of 
marine life. Such is the case in some of the few clay specimens 
from this bore, which I have had the opportunity of examin- 
ing; but others I have found to contain not only foraminifera, 

but abundance of shells. In the clay occurring at the greatest 
depth reached—630 feet—Mr. Pourtalés reports an abundance ' 
of foraminifera. 

The specimens from the several beds contained altogethe: 
about 50 species of mollusks, of which 40 were in such a con- 
dition as to be determinable with certainty. Of these, 36 were 
species now living in the Gulf, and 4 were new. 

The latter (belonging to the genera Cardium, Abra, Semele 
and Tapes) I submitted to Mr. Conrad for determination and 
description. He remarks that while they (one of them espe- 
cially) seem to be rather of Miocene type, and not known to be 
now living in the Gulf of Mexico: yet our knowledge of the 
fauna of the latter is so imperfect thus far, that it cannot be as- 
serted that the species are not now inhabitants of the Gulf 
waters. 

As regards the distribution of the species, there is no mate- 
rial difference from the highest to the lowest level, the leading 
and predominant species being everywhere about the same, and 
coinciding in a marked manner with the fauna collected by 
myself on the beach of Ship Island in the Mississippi Sound ; 
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though quite different in the prevalence of species, from that 
now cast ashore on the islands of the delta. One of the new 
species, moreover, occurs abundantly in one‘of the very first 
shell-beds; and three of them at the depth of 285 feet, as well 
as, in part, still lower down. 

In view of all the facts bearing on the case, the most probable 
conclusion is that the marine formation penetrated in the New 
Orleans well is altogether independe nt of the present delta for- 

mation; that, on the contrary, it is the equivalent in time of 
the Port Hudson deposits, which everywhere near the coast 
assume a marine facies; and would necessarily possess that 
character in an increased degree, where the deepest depression 
existed. 

The thickness of the alluvium proper in the alluvial plain 
will, of course, vary in accordance with the degree of denuda- 
tion that the older formation may have experienced during the 
era of upheaval; and it is futile to attempt an estimate of the 
amount of alluvium deposited by the great river since the 
beginning of the modern era, until numerous observations 
shall have placed us in possession of data, allowing us to form 
an approximate estimate of its depth in the several portions of 
the alluvial plain. While there exist in it, doubtless, a num- 
ber of ancient river channels, we already have proof also, of 
the existence of ridges of more solid and ancient ground, far 
out in the delta plain, which seem to have caused the eastward 
deflection (parallel to the Téche and the main Mississippi), of 
Bayou Lafourche as well as of the minor channels. I have 
heretofore* alluded to the apparent general cause of this de- 
flection. viz., the barrier of drift materials accumulated, 
perhaps, upon a Cretaceous nucleus, which is presented by the 
chain of Five Islands—Belle Isle, Cote Blanche, Weeks’ Island, 
Petite Anse and Orange Island—extending from Atchafalaya 
to Vermilion Bay. 

The very variable depth of the alluvium is well exemplified 
by the borings made for water and gas, in the City of New 
Orleans, by Mr. J. B. Knight, of that city. Its lower limit 

seems to be almost everywhere marked by a stratum of liquid 
mud, beneath which appears the first shell bed. It is from this 
mud stratum, which is struck at depths varying from 31 (in 
the well of 1856) to 56 feet, that combustible gas is frequently 
found to issue in considerable abundance, and with a pressure 
(as reported by Mr. Knight) of from 14 to 3 pounds per square 
inch. The discovery (which was made by Mr. Knight in bor- 
ing an experimental well for water, on his premises) at first 
created considerable excitement, asit was thought the natural 
gas might successfully compete with that of the gas company, 

* This Journal, I[, Jan., 1869, p. 83; ibid, Nov., 1869, p. 343. 
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which it was said to equal in quality. That this was but an 
indifferent compliment to the company’s product, may be judged 
from the composition of the natural gas, which was analyzed 
by Prof. J. W. Mallet, then of the Dniv ersity of Louisiana, 
with the followi ing result : 


Gas from “ Knight's well,’ 170 Gravier street, New Orleans. 
J 
Marsh gas, 
Carbonic acid, 


Hydroe -arbons condensible by bromine 


100°00 


The gas issued at the rate of one and a half cubic feet per 
hour, with a pressure of 16 inches of mercury. It was reached 
at a depth of 40 feet, and was accompanied by a considerable 
flow of faintly saline water.’ 

Mr. Knight sunk numerous wells in different portions of the 
city, and states that gas was struck nearly everywhere at depths 
varying from 37 to 56 feet; its amount, in one and the same 
region, being sensibly proportional to the diameter of the bore. 
In a few cases, an extraordinary amount of gas, under strong 
pressure, was struck. In an “article published in the New 
Orleans Times, of March 19, 1870, it is stated that “at the old 
Washington Artillery building on Girod street, a pipe was 
driven for water, and the gas flowed through in such a volume, 
that when ignited it fed a flame 15 feet in height, which was 
with difficulty extinguished; and when it was at length 
choked out, it carried up several cart loads of sand in a single 
night. Yesterday a similar phenomenon presented itself on 
the edge of the sidewalk in Camp street, opposite Lafayette 
square. A pipe about an inch and a half in diameter had 
been driven into the ground for water, when at the depth of 
60 feet, a rush of gas, accompanied by water and sand, was 
forced through toa distance (height) of twelve or fifteen feet 
above the top of the pipe. This continued for two hours, in 
spite of all efforts to suppress it; and the result was a deposit 
of sand mixed with fine shells and pebbles, amounting to at 
least three cart loads. Finally the workmen succeeded in clos. 
ing the pipe, and forcing it through the gas-bearing stratum.’ 

‘The supply of gas was in the end, howe ever, thought inade- 
quate for practic: al purposes; while the original object of ob- 
taining drinkable water was attained toa limited extent only. 
Mr. Knight says in a letter on the subject, that he has “found 
great irregularity in the thickness and character of the strata, 


* See analysis beyond. 
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and it is impossible to tell the character of the water or the 
depth at which it will be found, before trying. At two places 
distant about 1,500 feet, I obtained, in one, at the depth of 
48 feet, a free supply of clear water strongly impregnated with 
iron; in the other, no such water could be found at the depth 
of 78 feet.” 

Attention having been called to the subject, a “find” of gas 
was next reported from the parish of Lafourche, said to rise 
with a pressure of 10 pounds to the inch. I have been unable to 
learn whether or not this occurrence of gas is identical with that 
described to me by Col. Thibodeaux, of Thibodeauxville, as 
keeping up a continual agitation of the waters of the “ Bayou 
bouillant,” on the lower Lafourche. So far, no practical appli- 
cation of this source of gas has come to my knowledge. 

As regards, then, the upper delta plain, there can be little 
doubt that, like the Calcasieu and Attakapas prairies, it is 
underlaid by the detrital deposits of the stratified Drift, at a 
depth which may fairly, @ prior’, be supposed commensurate, in 
a measure, with the importance of the neighboring channels; 
viz., the Sabine on one hand, and the Mississippi on the other. 
About midway between, the Cretaceous ridge, marked by the 
line of outliers from Lake Bisteneau to Chicotville or Petite 
Anse, has caused these same deposits to appear at the surface.* 
The overlying swamp, lagoon and estuarian deposits of the 
Port Hudson age, will vary both in thickness and in the 
(marine or fresh-water) character of their materials, in accord- 
anze with the conformation (relative to the ocean) of the surface 
upon which they were deposited. And the alluvial deposits 
proper will, in like manner, vary in thickness in accordance 
with the degree of denudation previously experienced by that 
older formation, but appear to be little greater on the alluvial 

lain near New Orleans, than it is sometimes found to be in the 
and Tensas bottoms.+ 

It is important to note that, under this point of view, the 
ultimate success of an artesian bore at New Orleans becomes a 
matter of certainty—a question of depth alone. All water 
obtained in the Port Hudson strata possesses considerable rise, 
but is usually too strongly mineral to be desirable for every- 
day use. The waters obtained in the Orange Sand, on the con- 
trary, are always remarkably pure, and when struck beneath the 
Port Hudson deposits cannot fail to possess a proportionate 
rise, as in Dr. Kirkiman’s bore, on the West Fork of Calcasieu. 
The waters of the Port Hudson strata would, of course, require 
to be tubed out. 

[To be continued. ] 


* This Journal, IT, Nov., 1869, pp. 332, 342 and ff. 
+ Humphreys and Abbot's report, pp. 98-100, et al. 


S. P. Sharples on some forms of the Galvanic Battery. 247 


Art. XXXV.— Contributions to Physics from the Lawrence 
Scientific School—No. 1. By S. P. SHARPLEs, S.B. 


On some forms of the Galvanic Battery. 


WHILE making some experiments as to the best method of 
determining nitrous acid, Dr. Gibbs had his attention called to 
the fact that nitrous acid is instantly oxydized by an acid solu- 
tion of potassic bichromate to nitric acid. 

This result he communicated to me in the early part of 1870, 
saying, at the same time, that he thought it might be advanta- 
geous to use a mixture of nitric and sulphuric acids and 
potassic bichromate, as the absorbing liquid in the porous cell 
of the Bunsen battery. The chromic acid would prevent any 
evolution of nitrous acid by oxidizing it as soon as formed to 
nitric acid. The nitric acid being the active fluid in the com- 
bination would prevent the polarization which is continually 
taking place in the ordinary bichromate battery, and would be 
constantly renewed. 

Having occasion to use a battery, a few days after, I tried 
the mixture with such satisfactory results that it seemed desi- 
rable that the subject should be more fully investigated. The 
electro-motive force and internal resistance of the battery were 
therefore determined. 

The apparatus used was one of Poggendorff’s rheostats, which 
was furnished with sixteen meters of German silver wire, the 
resistance of this being but little affected by changes of tempera- 
ture. By means of clamps, any number of centimeters of wire 
could be introduced into the circuit. When the needle of the 
galvanometer was deflected to forty or fifty degrees a change of 
one centimeter in the length of the resistance could be readily 
seen. The galvanometer was an ordinary one in which the coil 
was replaced by a broad, thick, copper band, passing once 
around and close to the needle, which was suspended by a fila- 
ment of silk and so adjusted that it was at the zero of the scale 
when it came to rest in the meridian. 

In order to determine the internal resistance, I made use of 
two elements of the same construction, which could be thrown 
into the circuit either singl ? or side by side. I found when all 
my connections were bright, that there was no appreciable dif- 
ference between the two elements, that is, either element when 
connected with the galvanometer would deflect it the same 
number of degrees. 

The zines were about four inches high, and two and a half 
inches internal diameter, with a slit in one side. The porous 
cups filled the internal space almost entirely. The carbons 
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used were those manufactured by Chester of New York for 
ordinary medical batteries and had a section of about a square 
inch. The exciting liquid was a mixture of sulphuric acid with 
nine times its volume of water; this was found to be without 
action on the zincs when the battery was not running. The 
zines were kept well amalgamated. 

The electro-motive force was determined by Wheatstone’s 
method,* as follows: One of the cells was thrown into the cir- 
cuit; the rheostat was then adjusted until the needle stood at 
40°; the resistance was then decreased, until the needle rose to 
50; the length of wire removed was noted. The second cell was 
then placed by the side of the first and the resistance increased 
until the needle again stood at 50°, and the added length of 
wire noted. While both cells were connected the needle was 
brought again to 40°, by removing part of the resistance, this 
length was also noted; it should correspond exactly to the 
first length. One of the cells was then removed and the resist- 
ance again adjusted; the wire removed should exactly equal 
the second length noted above. The second cell was now sub- 
stituted for the first, and if the needle still remained at a 

constant point, the measure was considered satisfactory. If 
there was any discrepancy in the measurements, or if the needle 
stood at a different point with one cell, from what it did with 
the other, the connections were all examined and the measure- 
ments repeated. It was rarely found necessary to make more 
than one trial. 

The formulas used were those given by Wheatstone (loc. cit.), 
as follows: For electro-motive force in which E= 
the electro-motive force of a standard battery, and e the length 
of wire necessary to reduce the needle of the galvanometer 
from one given point to another given point. E’= the electro- 
motive force of the battery to be determined, and /’ the length 
of wire which was required to be removed to change the needle 
from one of the given points to the other. 

For the internal resistance of the battery, R=2/, in which 
formula R= the internal resistance, and /= the length of wire 
which must be added when a second cell is placed ‘by the first 
to bring the needle to the same point where it stood when only 
one cell wasin circuit. After making one series of measurements, 
the needle was brought to 40°, and allowed to remain at that 

oint for twelve hours if the battery remained constant for that 
ength of time ; the measurements were then repeated, and com- 
pared with those of a Bunsen cell made under the same circum- 
stances. 
* Phil. Trans., 1843, Part II, p. 313. 
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The first measurements, made in March, 1870, were merely 
to determine the electro-motive force. In the rest of the experi- 
ments, made in December, 1870, and Jan. 1871, the internal 
resistances were also determined. 

1st Experiment. For purposes of comparison, a Daniell’s cell 
was fitted up, using the same zinc and porous cup, and the same 
exciting liquid, but substituting for the carbon a hollow ecylin- 
der of copper open at one side and using a saturated solution of 
cupric sulphate as the absorbing liquid. The mean of six com- 
parisons of this with a Bunsen’s cell gave 169 for the electro- 
motive force of the latter, that of Daniell’s being 100. Latimer 
Clark* gives the number 175. 

Ex. No. 2. The porous cell was filled with a saturated solu- 
tion of potassic bichromate in a mixture of equal parts of nitric 
and sulphuric acids, diluted with four times their volume of 
water. This gave a constant battery working without giving 
off acid fumes until the exciting liquid was exhausted. Its 
electro-motive force was the same as that of the ordinary Bun- 
sen cell. 

Ex. No. 3. The porous cell was filled with coarse fragments 
of potassic bichromate, and then saturated with nitric acid. 
The electro-motive force was the same as in the last experiment, 
but the battery was not quiet so constant, and. there was a great 
waste of bichromate, there being much more than was requisite 
to saturate the nitric acid. 

Ex. No. 4. The cell was filled as in the last experiment, only 
the liquid used was a mixture of equal parts, nitric and sul- 
phuric acids. The electro-motive force was the same, but 
trouble was experienced from the formation of crystals of chro- 
mic alum which encrusted the carbons and porous cells and 
stopped the working of the battery. 

Ex. No. 5. The absorbing liquid was a saturated solution of 
potassie bichromate in hydrochloric acid. The electro-motive 
force of this battery rapidly declined ; starting with the same 
force as Bunsen’s, in the course of 24 hours it ran down to two- 
thirds of that force ; its internal resistance at the start was 1°7 
that of Bunsen’s; at the end of 24 hours it was 36. It gave 
off chlorine during the whole time it was in action. 

Ex. No. 6. The absorbing liquid was a saturated solution of 
potassic bichromate in nitric acid. It gave the same electro- 
motive power as the ordinary Bunsen cell, but the internal 
resistance was about 2% as much. The battery was sensibly 
constant for twelve hours. 

Ex. No. 7. Ex. No. 1 was repeated under slightly different 
circumstances. The saturated solution of bichromate, used in 
the last experiment, was mixed with } its own volume of strong 


* On Electric Measurements, p. 108. 
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sulphuric acid, and enough water added to take up the precipi- 
tated chromic acid. This formed the most satisfactory battery 
tried ; it was perfectly constant during twelve hours. The in- 
ternal resistance was only about 14 times that of an ordinary 
Bunsen’s cell of the same construction, and not the slightest 
odor could be perceived in the room. The electro-motive force 
was the same as that of the Bunsen cell. 

Ex. No. 8. Having seen in the American Chemist* a notice 
of a new battery by Prof. Bunsen, mentioned in an address by 
Prof. Roscoe, before the Chemical Section of the British Asso- 
ciation for the Advancement of Science, I made a trial of it. 
This battery consisted of two metals, platinum and zinc, with a 
single fluid, namely, a solution of chromic acid in dilute sul- 
phuric acid; I tried it in a small cell in which equal surfaces of 
zine and carbon were opposed to each other. The electro-mo- 
tive force was twice that of a Daniell’s cell, or 1:2 that of a 
Bunsen’s ; but it was not very steady, and the chromic acid 
acted strongly on the zine. 

Ex. No. 9. Dr. Gibbs suggested to me to try a solution of 
chromic acid in nitric acid in the porous cell, using sulphuric 
acid in contact with the zinc. The electro-motive force was the 
same as in the last experiment, and the internal resistance was 
the same as in the Bunsen cell. The battery was perfectly con- 
stant. ‘T'wo cells very slowly decomposed pure water and gave 
vivid flashes of light when the connections were made. 

Ex. No. 10 was undertaken to determine the effect of re- 
placing the bichromate by manganic oxide. The porous cell 
was filled around the carbon with manganic oxide; nitric acid 
was then poured on it until it was completely saturated. This 
gave very poor results; the electro-motive force was about 1°48 
times that of a Daniell’s cell. The battery was not very steady, 
and after running some time began to give off fumes of nitrous 
acid. 

Ex. No. 11. Joulet gives an experiment with a battery in 
which platinum in nitric acid is used as the negative, and zinc 
in caustic potassa as the positive electrode, and gives the elec- 
tro-motive power as equal to 2°41 Daniell’s. I repeated the ex- 
= using a solution containing } of its weight of potassic 

ydrate in the outer cell, and a saturated solution of chromic 
in nitric acid in the inner cell. I found the electro-motive force 
at first about 2°35 that of Daniell’s cell, the internal resistance 
being that of a Bunsen’s cell. It was rather unsteady at first, 
and then began to gradually decline. No odor was perceptible. 

Several experiments were tried, with the hope of obtaining a 
single fluid battery with the following results. 

Ex, No.12. A strong solution of caustic potassa was made, 
saturated with ferricyanide of potassium and used in the cell 


* Vol. i, p. 209. + Phil. Mag, vo}. xxiv, p. 113, 1844 
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employed in experiment No. 8. This gave a feeble current and 
the carbon was rapidly polarized. 

Ex. No. 13. As solutions of sulphurous acid and acid sul- 
phites dissolve zinc without evolution of hydrogen, forming 
hyposulphites, it was thought that these might be used as the 
exciting liquids. They gave a very feeble current and the car- 
bon was soon polarized ; the sulphite of zinc formed also adhered 
to the zinc and prevented further action. 

Ex. No. 14. Iodide of potassium saturated with iodine was 
tried ; this also gave a feeble current and the carbon soon be- 
came polarized. 

Ex. No. 15. A cell of the Maynooth battery was fitted up 
and a saturated solution of potassic bichromate in nitric acid used 
as the absorbing liquid; the battery was not very constant, and 
the iron was soon attacked ; no fumes, however, were given off 
The electro-motive power was about 55 of a Daniell’s cell. 

The result of these experiments seem to show that the bat- 
tery used in experiment No. 7 is the best for ordinary use, 
since it costs but little, if any more, than the Bunsen battery 
charged with nitric acid alone, and is entirely free from fumes 
until exhausted. If the following directions are observed in 
preparing the fluids, it cannot fail, I think, to give satisfaction. 

To prepare the exciting liquid, sulphuric acid of 1°84 sp. gr. 
is mixed with nine times its volume of water and allowed to 
stand until the precipitated lead has all settled. The clear acid 
is then decanted and is fit for use. This plan of preparing the 
acid has been in use in this laboratory for some years and 
gives very good results, local action being almost entirely pre- 
vented by the removal of the lead. 

To prepare the absorbing flyid, ordinary commercial nitric 
acid is saturated with potassic bichromate; this should be done 
in a warm room, as it takes up much more when warm than 
when cold. The solution thus prepared is mixed with one- 
third of its volume of sulphuric acid and enough water added 
to re-dissolve the chromic acid precipitated. 

Two objects are gained by adding the sulphuric acid. The 
mixture is less expensive than if pure nitric acid is used and 
the internal resistance is decreased. If the internal and exter- 
nal cells are properly proportioned this battery will run until 
the exciting fluid is exhausted, without giving off any fumes of 
nitrous acid. If crude chromic acid could be obtained at a 
sufficiently low rate, No. 9 would be a very powerful and con- 
venient battery for many purposes. 

My thanks are due to Dr. Wolcott Gibbs for many valuable 
suggestions made during the progress of this investigation and 
for the use of the apparatus employed. 

Cambridge, Jan. 17, 1871. 
Am. Jour. Sc1.—THIRD Series, Vou. I, No 4.—APpRIL, 1871. 
17 


252 


W. M. Gabb on the Geology of Santa Domingo. 


ArT. XXXVI.— Notes on the Geology of Santa Domingo; by 
Wm. M. Gass. 


ALTHOUGH the geological survey of the Republic of Santa 
Domingo has now been in progress about two years, nothing 
has been made public of our results, and I had not intended to 
publish anything until its completion. But circumstances now 
transpiring render it advisable that I should put on record at 
least a sketch of the principal conclusions arrived at. 

The Republic is of a very irregular triangular shape, nearly 
twice as long east and west as from north to south. The total 
area is about 20,000 square miles. Running nearly through the 
middle, with a direction a little south of east, is a high chain 
of mountains, some peaks reaching a height of 9,000 feet. 
This range falls to the eastward, forming ultimately a chain of 
hills which runs parallel with the southern border of Samana 
bay. In some places it is hardly ten miles wide, in others (near 
the middle) it reaches a width of nearly forty miles, including 
its greater spurs. South of this range, bordering the coast, is a 
tract, partly of rolling hills, partly of plains, which, especially 
in the large peninsula at the eastern end, constituting the 
Province of Saybo, are broad grassy prairies, cut up by lines of 
trees, filling depressions and bordering water courses. 

Parallel with this great range and bordering the north coast 
is another mountain chain, neither so broad nor so high as the 
first. This extends from Manzanilla bay, almost on the Haytien 
frontier, to the extreme end of Samana peninsula. It is cut 
through, near the head of Samana bay, by a narrow belt of 
marsh land, through which runs a salt water creek, thereby 
making Samana really, an island. This range has a few peaks 
rising to 2,500 or 3,000 feet and is nowhere much over ten 
miles wide. Between the two mountain chains lies a long valley 
having an average width of ten or fifteen miles, in some places 
much wider, in others, encroached on by the foot-hills of the 
mountains on its south. The valley is divided near its middle 
by a water-shed, but 500 feet above the sea. The Yaqui and 

una rivers, rising in the higher hills south, run through this 
valley, the former emptying into Manzanilla bay on the west, 
the latter into Samana bay on the east. On the south side of 
the island are several large rivers which run from the same 
mountain southward. The principal of these are the Macorio, 
Ozama, Jaina, Nigua, Nizao, Ocoa and Neyba, the last some- 
times called the Yaqui of the south, rising in the same peak as 
its northern namesake. 

Having thus described the leading topographical character- 
istics as concisely as possible, we can more easily explain 
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the geological features which are intimately connected with 
them. 

The great central chain of mountains consists of an immense 
cone of syenite and syenitic rocks, evidently of later date than 
the metamorphic strata that flank it. This mass is probably, 
in some places, as much as fifteen or twenty miles wide, though 
its southern and southwestern borders have not yet been ex- 
plored, lying as they do in the Province of Azua, to which 
our labors have not a extended, In this Republic it makes 
its appearance on the borders of Hayti, about fifteen miles 
south of Manzanilla bay, and from here makes all of the higher 
range of central mountains, to a point just about due north- 
west of Sta. Domingo City, or in other words, the center of the 
Republic; there its northern boundary suddenly bends south, 
becoming the eastern, the mass making a tongue eighteen to 
twenty miles wide, running a little east of south, to a point 
about twenty miles from the coast and nearly north of Bani. 
From analogical reasoning, based on the character of its north- 
ern margin and the peculiarities of the topography, it is almost 
safe to predict, that north of Banica and San j uan, or in other 
words in the mountains of the north-west, it will not have a 
much greater width than the strip above Bani. This mass of 
crystalline rocks has pushed up, tilted, folded, and in some 
places sent complicated net works of dikes into the overlying 
strata. Some of the dikes extend miles from the parent mass, 
and are of all sizes from 100 feet and upward, down to a thread. 

The lithological characters of the syenites are not so variable 
as might be anticipated over so wide an area (say 20 by 100 
miles). The rock is usually a light gray, moderately fine- 

ined mixture of the ordinary constituents, quartz, feldspar 
and hornblende, in nearly equal proportions, though sometimes 
the latter mineral makes up almost the entire mass, in the shape 
of large crystals, and more rarely it is almost entirely absent, 
and still more rarely a little mica occurs. No gneiss has been 
observed, but two or three localities of mica slate have been 
found, and one or two erratic pebbles have been discovered 
composed of quartz and feldspar only. 

Overlying the syenite, and as stated above, uptilted by it is 
a heavy deposit, several thousand feet thick, of conglomerates, 
jaspery and magnesian slates, with a little limestone. These 
are almost invariably metamorphosed to such an extent as to 
have entirely destroyed their original character, and often, even 
their stratification. In the country west of Bani, both about 
the lower Ocoa and farther north, the shales are so little altered 
that they can be recognized as fissile clay shales, in a few cases 
giving rise to salt springs, but in no case fossiliferous. I was 
fortunate enough, at one locality on the Nigua, to discover a 
small locality in the limestone, almost unaltered and with a few 
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fossils, usually poorly preserved. I succeeded in obtaining a 
little Ammonite, a Trigonia, a Pterocardia shell, besides a few 
less characteristic genera, and what may prove to be a Baculite/; 
thus fixing the secondary and possibly the Cretaceous age of 
the oldest stratified rocks on the island. 

These rocks form a border to the crystalline cone, and ex- 
tend to the eastern end of the island forming its “ back- 
bone.” On the borders of the syenite, it is often cut by veins 
of auriferous quartz, and elsewhere it contains unimportant 
deposits of copper, and in one locality, iron. 

n the neighborhood of San Cristobel, twenty miles west of 
Sta. Domingo, and extending as far west as we have explored, 
are small isolated basins of the next formation. This obtains 
its greatest development on the north side, but is said also to 
fill a depression extending to Port au Prince. I refer to the 
Tertiary rocks, which play an important part in the geology of 
the Island. They lie unconformably on the edges and flanks 
of the secondary deposits, fill all of the great northern valley 
of the Citao, and constitute the northern chain. In the northern 
foot-hills of the central chain, these rocks come in as a thin edge, 
gradually thickening as we descend into the valley, and eventu- 
ally acquire a thickness of perhaps 1,500 or 2,000 feet. They 
consist of conglomerates, sandstones, gray, blue, brown and 
white shales, argillaceous and pure limestones, the rocks being 
enumerated in an ascending series from the conglomerates 
upward. Fossils are found throughout the series, though 
usually rare except in the blue and brown shales where the 
are sometimes very abundant, and in an extraordinarily beauti- 
ful state of preservation. There have been enough fossils 
found in all the beds, from base to top, to settle the question, 
that no line of demarcation of age can be drawn in the series. The 
species have not been sufficiently studied, by me, to enable me 
to express a positive opinion as to the part of the Tertiary group 
to which they belong. Messrs. Geo. Sowerby (Quart. Jour. 
Geol. Soc., London, 1849, p. 44), and J. Carrick Moore, (loc. cit. 
and Quart. Jour., 1853, p. 129), consider them, for good reasons 
given, to be Miocene, in which opinion I am inclined to concur; 
while Mr. T. A. Conrad, whose acquaintance with the American 
Tertiaries is greater than that of any other person, says they 
are Oligocene. 

In the valley of the Cibao these beds are but little disturbed, 
at most being but slightly undulated; but in the northern 
range of mountains they are in some places highly uptilted, in 
one locality being vertical, but were much folded. The coal 
mines reported to exist in Sta. Domingo are merely the beds of 
lignite in the shales of this group. 

It is proper here to call attention to an article in the Quart. 
Jour. Geol. Soc. 1853, p. 115, et seg. by a Mr. T. S. Heneken, illus- 
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trated by a map and several sections. I do so because the 
above description is totally at variance with the article quo- 
ted, and these examinations were made with a full knowledge 
of the statements of Mr. Heneken. I make this explanation, 
not from any feeling of antagonism, and may mention that the 
author died several years ago on this island; but a regard for 
truth requires me to state that the descriptions there given of 


. the geology of the Cibao are, at least, very extraordinary. 


Among other things, he has taken a part of the Tertiary sand- 
stones, erected them into an older formation, and states, incor- 
rectly, that it underlies unconformably the blue fossiliferous 
shales. Another important inaccuracy is his assertion that the 
north range, at Mt. Muraso, is an anticlinal of older rocks (see 
fig. 8, p. 119, Joc. cit.); whereas it is really the newer part of the 
Tertiary deposit, lying at low angles, the anticlinal being far 
north of the summit of the mountains. The errors arose with- 
out doubt from the inexperience of the observer. 

Bordering almost the entire coast, from Manzanilla bay, 
around the eastern end of the island to the north of the Nizao 
river, on the south side, is a deposit of horizontal limestone of 
very modern origin, in places full of living corals and very 
imperfect casts of living species of mollusca, but more usually, 
where not hardened by the weather, a white or cream-colored 
friable limestone, the result of the breaking down or decompo- 
sition of coral. It rarely makes bluffs on the coast of more 
than 20 or 80 feet in height, but has been penetrated by wells 
between 150 and 200 feet deep without passing through it. 
This border has a variable width of from a few hundred yards 
to many miles, and in the neighborhood of Sta. Domingo City, 
where it is a dozen miles wide, it illustrates beautifully the phe- 
nomenon of change in lithological character of the same beds. 
Toward its margins in this vicinity near what was at that epoch 
the mouth of the Jaina river, a few pebbles begin to appear, un- 
mistakably attributable to the hills of the upper Jaina. Pro- 
ceeding northward, or toward the former coast, these pebbles 
become more numerous and the lime less pure, until eventually 
the same stratum can be traced into a common shore gravel, 
evidently the product of the river, and without a perceptible 
trace of lime. Further; in going east from the neighborhood 
of the Jaina, but along the ancient coast, the pebbles again dis- 
appear and the shore margin of the deposit becomes, as might 
be anticipated, sand; while farther out the limestone belt con- 
tinues in the position of the former reef. 

No volcanic rocks have been encountered in the course of our 
explorations except in the mountains north of Bani, where we 
found a single dike of black porphyry with large white crys- 
tals of feldspar. 
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Art. XXXVII.—On Spore-cases in Coals; by J. W. Dawson, 
LL.D., F.R.S. 


WHEN in London, last spring, Prof: Huxley was kind enough 
to show me some remarkably beautiful slices of coal mounted 
by his assistant, Mr. Newton, and showing with great distinct- 
ness multitudes of spore-cases and spores, some of them ver 
well preserved. He farther stated to me his belief that suc 
material had been largely or mainly instrumental in the pro- 
duction of Coal. At the time I declined to accept this conclu- 
sion, on the ground that the specimens probably represented 
layers of coal exceptionally rich in spore-cases; and that even 
in these specimens a large quantity of matter was present which 
long experience in the examination of coals enabled me to recog- 
nize as cortical or epidermal matter, which I had previously 
shown by my examination of the coals of Nova Scotia to be 
the principal ingredient in ordinary coal. I promised, how- 
ever, on my return to Canada, to look over my series of pre- 
parations of coal, with a view to the occurrence of spore-cases, 
and also to make trial of the somewhat improved method of 
preparation employed by Mr. Newton. On my return I gave 
the results of my examination to Prof. Huxley, in a letter which 
he has quoted in the brilliant exposition of his observations 
and conclusions in the Contemporary review for November,* 
and which will probably give a tone to the representations of 
popular writers on this subject for some time. While, however, 
admitting the great interest and importance of Prof. Huxley’s 
observations, and prepared to contribute some additional illus- 
trations of the occurrence of spore-cases in coal, I think it well 
to direct attention anew to the actual composition of the sub- 
stance, as proved by its mode of occurrence, and illustrated by 
my own extensive series of observations on the coals of Nova 
Scotia and Cape Breton, including the series of eighty-one seams 
exposed at the South Joggins, the whole of which I have exam- 
ined in situ and under the microscope. 

The occurrence of bodies supposed to be spore-cases in coal, 
is, as Prof. Huxley states, no new discovery; but in reality 
these may be said to be the first organisms recognized by any 
microscopic observer of coal—that is, if all the clear spots and 
annular bodies seen in slices of coal are really spore-cases. 
They were noticed by Morris as early as 1836, ‘and they had 
been observed and described long before by Fleming in Scot- 
land. Goeppert mentioned and figured them in his “Treatise on 
Coal” in 1848. Balfour described them in 1859 as occurring in 
Scottish coals, and Quekett figured them in his account of the 


* In the quotation the word “ cubical” has been substituted for “ cortical.” 
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Torbane Hill mineral in the same year. In 1855 the latter 
microscopist showed me in London slices exhibiting round 
bodies of this kind, very similar to those now described by 
Huxley; but at that time I regarded them as concretionary, 
though Prof Quekett was disposed to consider them organic. 
Mr. Carruthers has summed up most of these facts in his ac- 
count of his genus Flemingites in the Geological Magazine for 
October, 1865. The subject has also attracted the attention of 
microscopists in connection with the Tasmanite, or ‘‘ white coal ” 
of Tasmania, which is composed in great part of the spore cases 
of ferns. 

I suppose that the oldest spore-cases known are those descri- 
bed by Hooker from the Ludlow formation of the Upper Silu- 
rian; but these, if really spore-caseg, are different in structure 
from those ordinarily found in the coal-formation, more espe- 
cially in the great thickness of their walls, and I am not aware 
that they have anywhere been found in considerable quantities. 

The oldest bed of spore-cases known to me, is that at Kettle 
Point, Lake Huron. It is a bed of brown bituminous shale, 
burning with much flame, and under a lens is seen to be studded 
with flattened disc-like bodies scarcely more than a hundredth 
of an inch in diameter, which under the microscope are found to 
be spore-cases, slightly papil- 
late externally, and with a 
point of attachment on one 
side and a slit more or less 
elongated and gaping on the 
other, figs. 1, 2, 3. I have 
proposed for these bodies the 
name Sporangites Huronensis. 
When slices of the rock are 
made, its substance is seen to 
be filled with these bodies, 
which, viewed as transparent 
objects, appear yellow like 
: amber, and show little struc- 
ans.) 1, Part of a slice of shale from Kettle Po Point, ture, except that the walls can, 
diameters. “Pigs. 2and Spore-cases from the in some cases, be distinguished 
same, a8 opaque objects. 70 diameters. 

from the internal cavity, and 

the latter may be seen to inclose patches of flocculent or granular 

matter. In the shale containing them there are also vast num 

bers of rounded translucent granules which may be the escaped 
spores. 

The bed at Kettle Point is stated in the report of the Geologi- 
cal Survey to be 12 to 14 feet in thickness; but to what degree 
either in its thickness or horizontal extent it retains the charac- 
ters above described, I do not know. It belongs to the Upper 
Devonian, being supposed to be a representative of the Genesee 
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slates of New York. It contains stems of Calamites inornatus 
and of a Lepidodendron, obscurely preserved, but apparently of 
the type of L. Veltheimianum, and possibly the same with L. 
primevum of Rogers. The spore-cases are not improbably those 
of this plant, or of the species LZ. Gaspianum, which belongs 
to the same horizon, though not found at this locality. The 
occurrence of this bed is a remarkable evidence of the abund- 
ance of Lycopodiaceous trees, whose spores must have drifted 
in immense quantities in the winds, to form such a bed. It is 
to be observed, however, that this is not a bed of coal, but a 
bituminous shale of brown color, and with pale streak, no 
doubt accumulated in water, and even marine, since it contains 
Sptrophyton* and shells of Jingula. In this it agrees with the 
Australian Tasmanite, which, though composed in great part 
of spore-cases of Ferns, is, as I am informed by Mr. Selwyn, an 
aqueous deposit, containing marine shells. 

There is, however, one bed of true coal known in the Devo- 
nian of Eastern America, that of Tar Point, Gaspé, and it is 
curious to observe that this is not composed of spore-cases, but 
of successive thin layers of rhizomata and stems of Psilophyton, 
with occasional fragments of Lepidodendron and Cyclostigma. 
Rounded disks, which may be spore-cases, occur in it, but very 
rarely. In the bituminous shales associated with this coal, the 
microscope shows amber-colored flakes of irregular form, but 
these are easily ascertained to be portions of the epidermis of 
Psilophyton, or of the chitinous crusts of crustaceans which 
abound in these beds. 

Ascending to the Lower Carboniferous (sub-carboniferous), 
there are great quantities of rounded spore-cases of the size of 
mustard seeds (Sporangites glabra of my papers) in the rocks of 
Horton Bluff and Lower Horton, Nova Scotia. They are some- 
times globular, and filled with pyrite of a granular texture 
which perhaps represents the original cellular structure or the 
microspores. In other cases they are flattened and constitute 
thin carbonaceous layers. They are almost without doubt the 
spore-cases of Lepidodendron corrugatum, which abounds in the 
same beds, and constitutes in one place a forest of erect stumps. 
I described them ina paper on the Lower Carboniferous of 
Nova Scotia in the Proceedings of the Geological Society of 
London for 1858, though not then aware of their true nature, 
which was, however, recognized by Dr. Hooker in some speci- 
mens which I had sent to London. 

In my paper on the conditions of accumulation of Coal, 
(Proceedings of Geological Society of London, May, 1866), I 
proposed the name Sporangites for these bodies, in consequence 
of the difficulty of referring them certainly to any generic 


* The well known Cauda-galli fucoid. 
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forms. Carruthers had in Oct. 1865, described a cone contain- 
ing rounded spore-cases of not dissimilar type, under the name 
Flemingites. In the paper above referred to, I stated that out 
of eighty-one coals of the South Joggins Section examined by 
me, I recognized these bodies and other fruits or Sporangia, in 
only sixteen; and of these only four had the rounded Lyco- 
podiaceous spore-cases similar to those of Flemingites. These 
are the following :— , 

(1.) Coal group 12, of Division IV, has a bed of coal one foot 
thick, of which some layers are almost wholly composed of 
Sporangites papillata. 

(2.) Coal group 13, Div. IV, has in some layers great quantities 
of Sporangites glabra, especially in the shaly part of the coal. 

(3.) In Coal group 14, Div. IV, a shaly parting contains great 
numbers of similar Sporangites. 

(4.) In Coal group 15a, Div. IV, the shaly roof abounds in 
sporangites, but I did not observe them in the coal itself. 

In addition to these cases, all of which curiously enough occur 
in one part of the section, and among the smaller coals, I have 
noted the occurrence of clear amber spots in several of the com- 
pact coals, but I did not regard these as certainly organic, suspect- 
ing them to be rather concretionary or segregative structures. 

The great coal beds of Pictou are, in so far as my observation 
has extended, remarkably free from indications of spore-cases, 
and consist principally of cortical and ligneous tissues with 
layers of finely comminuted vegetable matter. A layer of 
cannel, however, from a bed near 
New Glasgow has numerous flat- 
tened amber-colored dises, which 
may be of this character. In those 
of Cape Breton, the yellow spore- 
case-like spots are much more 
abundant; but these coals I have 
less extensively examined than 
those of the mainland of Nova 
Scotia. Of American coals, the 
richest in spore-cases, that I have 
seen, is a specimen from Ohio, 
which contains many large spore- 
cases, and vast numbers of more ora 
minute globular bodies apparently ™mcrous sPores. 7 diameters. 
macrospores. It quite equals in this respect some of the English 
coals referred to by Huxley, (fig. 4). I have also a specimen of 
anthracite from Pennsylvania, full of spore-cases, some of them 
retaining their round form and filled with granular matter which 
may represent the spores. 

t is not improbable that sporangites or bodies resemblin 
them, may be found in most coals; but the facts above state 
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indicate that their occurrence is accidental rather than essential 
to coal accumulation, and that they are more likely to have 
been abundant in shales and cannel coals, deposited in ponds or 
in shallow waters in the vicinity of Lycopodiaceous forests, 
than in the swampy or peaty deposits which constitute the 
ordinary coals. It is to be observed, however, that the conspic- 
uous appearance which these bodies and also the strips and 
fragments of epidermal tissue, which resemble them in texture, 
present in slices of coal, may incline an observer, not having 
large experience in the examination of coals, to overrate their 
importance, and this I think has been done by most microscop- 
ists, especially those who have confined their attention to slices 
prepared by the lapidary. One must also bear in mind the 
danger arising from mistaking concretionary accumulations of 
bituminous matter for sporangia. In sections of the bitumin- 
ous shales accompanying the Devonian coal above mentioned, 
there are many rounded yellow spots, which on examination 
prove to be the spaces in the epidermis of Psilophyton through 
which the vessels passing to the leaves were emitted. To these 
considerations I would add the following, condensed from my 
paper above referred to, in which the whole question of the 
origin of coal is fully discussed.* 

(1.) The mineral charcoal or “mother coal” is obviously 
woody tissue and fibers of bark; the structure of the varieties 
of which and the plants to which it probably belongs, I have 
discussed in the paper above mentioned. 

(2.) The coarser layers of coal show under the microscope a 
confused mass of fragments of vegetable matter belonging to 
various descriptions of plants, and including, but not usually 
largely, sporangites. 

(3.) The more brilliant layers of the coal are seen, when sep- 
arated by thin laminz of clay, to have on their surfaces the 
markings of Sigillariz: and other trees, of which they evidently 
represent flattened specimens, or rather the bark of such speci- 
mens. Under the microscope, when their structures are pre- 
served, these layers show cortical tissues more abundantly than 
any others. 

(4.) Some thin layers of coal consist mainly of flattened layers 
of leaves of Cordaites or Pychnophyllum. 

(5.) The Stigmaria underclays and the stumps of Sigillaria 
in the coal roofs equally testify to the accumulation of coal by 
the growth of successive forests, more especially of Sigillariz. 
There is on the other hand no necessary connection of sporan- 
gite beds with Stigmarian soils. Such beds are more likely to 
be accumulated in water, and consequently to constitute bitu- 
minous shales and cannels. 


* See also Acadian Geology, 2d edit., pp. 138, 461, 493. 
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(6.) Lepidodendron and its allies, to which the spore-cases in 
question appear to belong, are evidently much less important 
to coal accumulation than Sigillaria, which cannot be affirmed to 
have produced spore-cases similar to those in question, even 
though the observation of Goldenberg as to their fruit can be 
relied on; the accuracy of which, however, I am inclined to 
doubt. 

On the whole then, while giving due credit to Prof. Huxley 
and those who have preceded him in this matter, for directing 
attention to this curious and no doubt important constituent of 
mineral fuel, and admitting that I may possibly have given too 
little attention to it, I must maintain that Sporangite beds are 
exceptional among coals, and that cortical and woody matters 
are the most abundant ingredients in all the ordinary kinds; 
and to this I cannot think that the coals of England constitute 
an exception. 

It is to be observed, in conclusion, that the spore-cases of 
plants, in their indestructibility and richly carbonaceous char- 
acter, only partake of qualities common to most suberous and 
epidermal matters, as I have explained in the publications al- 
ready referred to. Such epidermal and cortical substances are 
extremely rich in carbon and hydrogen; in this resembling bi- 
tuminous coal. They are also very little liable to decay, and 
they resist more than other vegetable matters aqueous infiltra- 
tion; properties which have caused them to remain unchanged 
and to resist the penetration of mineral substances more than 
other vegetable tissues. These qualities are well seen in the 
bark of our American white birch. It is no wonder that mate- 
rials of this kind should constitute considerable portions of such 
vegetable accumulations as the beds of coal, and that when 
present in large proportion they should afford richly bituminous 
beds. All this agrees with the fact, apparent on examination 
of the common coal, that the greater number of its purest layers 
consist of the flattened bark of Sigillariz and similar trees, just 
as any single flattened trunk imbedded in shale becomes a layer 
of pure coal. It also agrees with the fact that other layers of 
coal, and also the cannels and earthy bitumens appear, under 
the microscope, to consist of finely comminuted particles, princi- 
pally of epidermal tissues, not only from the fruits and spore- 
cases of plants, but also from their leaves and stems. The same 
considerations impress us, just as much as the abundance of 
spore-cases, with the immense amount of the vegetable matter 
which has perished during the accumulation of coal, in com- 
parison with that which has been preserved. 

I am indebted to Dr. T. Sterry Hunt, for the following very 
valuable information, which at once places in a clear and pre- 
cise light the chemical relations of epidermal tissue and spores 
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with coal. Dr. Hunt says—-‘‘ The outer bark of the Cork tree 
and the cuticle of many if not all other plants consists of a 
highly carbonaceous matter, to which the name of suberin has 
been given. The spores of Lycopodium also approach to this 
substance in composition, as will be seen by the following, one 
of two analyses by Duconi,* along with which I give the theo- 
retical composition of pure cellulose or woody fiber, according 
to Payen and Mitscherlich, and an analysis of the suberin of 
Cork, from Quercus suber, from which the ash and 2% per cent 
of cellulose have been deducted. + 
Cellulose. Cork. Lycopodium. 
65°73 64°80 
Hydrogen, 6°17 8°33 8°73 
Nitrogen, 1°50 6°18 
Oxygen, “BE 24°44 20°29 


100°00 100°00 100°00 


This difference is not less striking when we reduce the above 
centesimal analyses to correspond w vith the formula of cellulose, 
C,,H.,O,, and represent Cork and Lycopodium as contain- 
ing 24 equivalents of carbon. For comparison I give the com- 
position of specimens of Peat, Brown Coal, Lignite, and Bitu- 
minous Coal.t 

Cellulose, 

Cork, C24 Hisy5 
Lycopodium, C24 Hig34; NO°,5, 
Peat, (Vaux), C24 H1474; O10 
Brown Coal, (Schréther), C24 
Lignite, (Vaux), C24 06745 
Bituminous Coal, (Regnault), Cos Hio 

It will be seen from this comparison that, in ultimate compo- 
sition, Cork and Lycopodium are nearer to Lignite than to 
woody fiber; and may be converted into coal with far less loss 
of carbon and hydrogen than the latter. They in fact approach 
closer in composition to resins and fats than to wood, on more- 
over like those substances repel water, with which they are not 
easily moistened, and thus are able to resist those atmospheric 
influences which effect the decay of woody tissue.” 

I would add to this only one further consideration. The 
nitrogen present in the Lycopodium spores no doubt belongs 
to the protoplasm contained in them, a substance which w ould 
soon perish by decay; and subtracting this, the cell-walls of the 
spores and the walls of the spore-cases would be most suitable 
material for the production of bituminous coal. But this suit- 
ableness they share with the epidermal tissue of the scales of 


* Liebig and Kopp, Jahresbuch, 1847-48, + Gmelin, Handbook, xv, 145. 
¢ Canadian Naturalist, vi, 253. 
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strobiles, and of the stems and leaves of Ferns and Lycopods; 
and above all with the thick corky envelope of the stems of 
Sigillariz and similar trees, which as I have elsewhere shown,* 
from its condition in the prostrate and erect trunks contained 
in the beds associated with coal, must have been highly carbo- 
naceous and extremely enduring and impermeable to water. 
In short, if instead of “spore-cases,” we read “epidermal tis- 
sues in general, including spore-cases,” all that Huxley has 
affirmed will be strictly and literally true, and in accordance 
with the chemical composition, microscopical characters and 
mode of occurrence of coal. It will also be in accordance with 
the following statement, which I may be pardoned for quoting 
from my paper on the Structures in Coal, published in 1859. 

“ A single trunk of Sigillaria in an erect forest, presents an 
epitome of a coal-seam. Its roots represent the Stigmaria under- 
clay ; its bark the compact coal; its woody axis, the mineral 
charcoal; its fallen leaves (and fruits), with remains of herba- 
ceous plants growing in its shade, mixed with a little earthy 
matter, the layers of coarse coal. The condition of the dura- 
ble outer bark of erect trees concurs with the chemical theory 
of coal, in showing the especial suitableness of this kind of tis- 
sue for the production of the purer compact coals. It is also 
probable that the comparative impermeability of the bark to 
mineral infiltration, is of importance in this respect, enablin 
this material to remain unaffected by causes which have filled 
those layers consisting of herbaceous materials and decayed 
wood, with pyrites and other mineral substances.” 


Art. XXXVIII.— On a method of fixing, photographing and 
exhibiting the Magnetic Spectra; by ALFRED M. MAYER, 
Ph.D. 


THE figures produced in iron-filings, when these are set in 
momentary vibration on a surface placed over a magnet, have 
received considerable attention from natural philosophers. The 
geometrical discussion of these spectra made by Lambert, 
Roget and others, have developed their symmetrical properties, 
oon thereby have evolved the law of that action his ema- 
nates from the magnet. De Haldat has used them as a means 
of exploring the distribution and intensity of the effect 
of juxtaposed magnets variously arranged. But, above all, 

* Vegetable structures in Coal, Journ. Geol. Soc., xv, 626. Conditions of Accu- 
mulation of Coal; ib. xxii, 95. Acadian Geology, 197, 464. 

+ See a neat ‘‘Démonstration par le calcul des courbes magnétiques de la loi de 


Yinverse du carré de la distance,” by M. Cellerier, published as a note on p. 592, 
vol. 1 of De la Rive’s Traité d’Electricité. 
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have the researches of Faraday and W. Thomson on “ the mag- 
netic field” and on “the lines of magnetic force ” given to these 
spectra— even when merely regarded as conventional symbols— 
an importance which has been fully shown; especially by 
Faraday, who was guided by their consideration to some of 
his most important discoveries. They have thus risen to so 
high a theoretical importance that a method which will fix 
them without danger of distortion, photographically reproduce 
them and readily serve to exhibit them to the largest audi- 
ences, will, I imagine, be acceptable to both investigators and 
lecturers. 

The only process of fixing these spectra, known to me, is 
that practiced by De Haldat and Faraday, which, however, is 
but an application to the magnetic spectra of the method pre- 
viously invented by Savart for preserving the Chladni figures 
of vibrating plates. In this process the spectra, produced in 
the usual manner either on glass or card-board, have pressed 
upon them a sheet of paper coated with mucilage, to which the 
filings adhere. In this operation of the transfer many particles 
are deranged from their positions and the figures are yet more 
distorted by the shrinkage of the wet paper, and are there- 
fore not fit to serve in measures of precision; while the im- 
pressions cannot be exhibited with much more facility than 
the originals. 

My process is as follows: a clean plate of thin glass is coated 
with a firm film of shellac, by flowing over it a solution of this 
substance in alcohol,* in the same manner as a photographic 
plate is coated with collodion. After the plate has remained a 
day or two in a dry atmosphere, it is placed over the magnet, 
or magnets, with its ends resting on slips of wood, so that the 
under surface of the plate just touches the magnet. Fine iron- 
filings, produced by “draw-filing” Norway iron, which has 
been repeatedly annealed, are now sifted uniformly over the 
film of lac by means of a fine sieve. The spectrum is then pro- 
duced on vibrating the plate, by letting fall vertically upon it, 
at different points, a light piece of copper wire. The plate is 
now cautiously lifted vertically off the magnet and placed on 
the end of a cylinder of pasteboard, which serves as a support 
in bringing it quite close to the under surface of a cast-iron 

late (1 ft. diam. 4 in. thick), which has been heated over a 
hae Bunsen-flame. Thus the shellac is uniformly heated and 
the iron-filings, absorbing the radiation, sink into the softened 
film and are “fixed.” 

I generally allow the heat to act until the metallic lustre of 
the filings has disappeared, by sinking into the shellac, and the 


* The shellac dissolved in strong alcohol is allowed to stand a week or more, 
and the clear supernatant solution is then decanted. 
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film appears quite transparent. This degree of action is neces- 
sary when photographic prints are to be made from the plate, 
but when they are to be used as lantern slides I do not carry 
the heating so far. After the plate has cooled, it is allowed to 
fall upon its ends, on a table, so that any filings which have not 
adhered may be removed. 

A short experience will give the proper strength of shellac 
solution to obtain a film so thick as just to be sufficient to hold the 
filings, and the requisite amount of heat to firmly cement them, 
without injuring the transparency of the film. 

The plates can now serve (1) for the most accurate measures 
upon the magnetic-field ; (2) for a photographic positive, which, 
in the printing-frame will produce the lines in white upon a dark 
ground, giving most beautiful and distinct impressions ;* (8) or, 
if it is required to exhibit these figures to an audience, the 
plates are provided with glass covers, kept from touching the 
spectra by intervening slips of card-board, and there result 
“slides,” in every way fit for giving a fine exhibition, when the 
images are projected upon a screen. I have thus obtained 
images, clear and sharp, of over 12 feet in diameter.t 

By this process many plates have been produced; showing 
the action of single magnets of various forms, and of juxtapo- 
sed bars; as well as the effects of electric currents led by wires 
through holes drilled in the plates. Those exhibiting the 
inductive action of magnets on bars of soft iron and the inter- 
action of magnets and electric currents are peculiarly interest- 
ing. An approximate representation of the resultant lines of 
the terrestrial magnetic action has been obtained by magneti- 
zing equably tempered steel discs of from 2 ins. to 8 ins., and 
even more, in diameter. The magnetic axis or axes of these 
dises are predetermined by making them the continuations of 
the axes of very powerful electro-magnets, terminated with 
cones of soft iron with slightly rounded apices. The arcs 
of the great circles, including the terrestrial magnetic poles, 
having been calculated, the axes of the electro-magnets are 
inclined to that angle, while the steel disc is held close to 
their poles. On passing the current the disc is magnetized 
and we have an approximate representation of a section of 
the earth’s magnetic effect. These results when viewed as 
— prints, or, as exhibited by the lantern, are so 

eautiful and instructive as to appear to me to warrant this 


* Photographic prints from a series of eight of these plates I have presented to 
Harvard College; American Academy of Sciences; Sheffield Scientific School; 
Columbia College; Stevens Institute of Technology, Hoboken; Lehigh Univer- 
sity, Pa.; American Philosophical Society; Franklin Institute; Peabody Institute, 
Balt.; Smithsonian Institution; Chicago Academy of Sciences; and to the Uni- 
versity of Virginia—where they can be examined by the readers of this paper. 

t Several of these are 16 ins. long by 10 wide. 
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somewhat formal description of the process of their produc- 
tion. 

December, 1870. 

Since sending the above to press I have subjected plates, 
coated with “sensitized ” collodion to the action of the magnetic 
field. I had hopes of thus obtaining a physical impress on the 
plate which would appear on flowing the “developer.” Sensi- 
tized films on glass and on iron plates were placed over and 
between the poles of an electro-magnet with cores 1°7 in. in di- 
ameter. Some plates were developed after removal from the 
magnet, others while under the magnetic action—with and 
without the light having acted upon them—but no trace of ef: 
fect has been detected. 

I had also imagined that the magnet’s action should have 
laced the affinities in a more unstable condition, so that the 
Im would rise in sensitiveness after exposure in the magnetic 

field; but this, also, I could not detect; nevertheless, I have 
not given up the supposition that some action will be evolved 
when more appropriate films, far higher magnetic action and 
more delicate measures of actinic effect are used. 

February 13, 1871. 


Art. XXXIX. — Notice of a Fossil Forest in the Tertiary of 
California ; by Professor O. C. MarsH, of Yale College. 


DurinG the visit of the Yale College Scientific party to the 
Pacific Coast, in October last, several members of the expedi- 
tion, including the writer, while on their way from San Fran- 
cisco to the “Geysers,” took occasion to examine a locality, a 
few miles from the route, where a number of fossil trunks of 
trees had recently been discovered. This point proved to be of 
much scientific interest, and, since it has received as yet appar- 
ently little or no attention from geologists, it may be well to 
note the more important results of our investigation. 

The locality is situated on a high rocky ridge, in Napa 
county, California, about five miles southwest of Calistoga Hot 
Springs, and perhaps ten miles south of the summit of Mount 
St. Helena. The existence at this place of several petrified 
trunks of trees was first made public by Charles H. Denison, 
Esq., of San Francisco, who visited the spot in July last, and, 
soon after, gave a short account of the discovery in the San 
Francisco Bulletin. Our party was especially indebted to Mr. 
Denison for information on the subject, and for aggre tv. | 
us to the locality during our first visit. The ridge on whic 
the fossil trees were found belongs to the Coast Range series, 
and forms the divide between the Napa and Santa Rosa valleys. 
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It is about 2000 feet in height, and is mainly composed of meta- 
morphic rocks of Cretaceous age,* which are in places, as we 
ascertained, overlaid, unconformably, by later Tertiary strata, 
consisting of light-colored, coarse sandstones, and beds of strati- 
fied voleanic ashes. This ridge had long been covered with a 

ense growth of “chaparral,” but just before our visit a destruc- 
tive fire had swept over a portion of it, rendering it compara- 
tively easy to examine a large tract of country which appur- 
ently had never been explored. 

A careful examination of the locality where the first prostrate 
trunks had been discovered soon made it evident that those 
now on the surface had all been weathered out of the volcanic 
tufa and sandstones, which form the summit of this part of the 
mountain ridge. Several large silicified trees were, indeed, 
subsequently found in the vicinity, projecting from the side of 
a steep bluff, which had partially escaped denudation. Extend- 
ing our explorations among the mountains for several miles 
around, we were rewarded by the discovery of many additional 
fossil trunks at various points, showing conclusively that this 
Tertiary deposit contained the remains of an extensive forcst 
of very large trees, which had apparently been overthrown and 
entombed by some volcanic irruption. Portions of nearly one 
hundred distinct trees, scattered over a tract three or four miles 
in extent, were found by our party, and the information we 
received from hunters and others, familiar with the surrounding 
country, renders it more than probable that the same beds, con- 
taining similar masses of silicified wood, extend over a much 
greater area. 

The fossil trees washing out of this volcanic tufa were mostly 
of great size, and appeared to be closely related to some of the 
modern forest trees of the Pacific coast, especially the gigantic 
Conifers. One of the prostrate trunks examined during our ex- 
plorations was only partially exposed above the surface, dipping 
with the strata about 10° to the northward. Its accessible 
portion, evidently but a small part of the original tree, meas- 
ured sixty-three feet in length, and, although denuded of its 
bark and very much weathered, was over seven feet in diameter 
near its smaller end. Ona high summit about a quarter of a 
mile west of this point, two other large trunks were found, one 
about five feet in diameter, lying east and west, with thirty feet 
of its length above the surface. The other rested directly on 
this, dipping with the strata to the north. The exposed frag- 
ments of this trunk indicated that the tree when standing could 
not have been less than twelve feet in diameter. These two 
trees had apparently fallen not far from where they were im- 
bedded, as the bark was well preserved, both on the main trunks 

* Geology of California, vol. i, p. 85. 
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and on the small branches, numerous fragments of which were 
lying near. Many other trees were found, nearly or quite equal 
to these in size; and all those examined indicated a very large 
general growth for the original forest. 

All the trees discovered were prostrate, and most of them, 
after their petrifaction, had been broken transversely into sey- 
eral sections, apparently by the disturbance of the enclosing 
strata. A majority of the trunks had a general north and south 
direction, probably due to the course of the current that cov- 
ered them with volcanic material, or perhaps indicating in some 
cases the position in which they had fallen. Several of the 
trunks had portions of their roots still attached, and some were 
evidently much decayed internally and worm eaten before their 
entombment. All the fossil wood observed was silicified, 
probably by means of hot alkaline waters containing silica in 
solution, a natural result of volcanic action, especially when 
occurring in connection with water, as was evidently the case 
in the present instance. 

The trees closely examined appeared to be all conifers, and 
in their external characters, especially in the bark, mode of 
branching, and general habit of growth, most nearly resemble 
the modern redwoods, still flourishing in the same region. Dr. 
M. C. White, of New Haven, an authority in such matters, has, 
moreover, kindly made a microscopical examination of some of 
the best preserved specimens collected at this locality by the 
writer, and finds no essential difference between the structure 
of the fossil wood, and that of existing conifers of the genus 
Sequoia, to which the redwoods belong. 

The beds enclosing the silicified wood appear to contain no 
other fossils, excepting here and there small fragments of char- 
coal, and hence their exact age is somewhat doubtful. As they 
rest unconformably on distorted and metamorphic Cretaceous 
strata, they are apparently as recent as Tertiary, and will prob- 
ably prove to be Pliocene. The origin of the volcanic material 
which covered the forest cannot, perhaps, be definitely ascer- 
tained, without a careful examination of the surrounding region. 
It is not improbable, however, that it came from Mount St. Hel- 
ena, the nearest volcanic peak, across the now intervening depres- 
sion. Our party discovered on the western side of the Napa val- 
ley, along the base of the ridge, patches of a deposit of stratified 
tufa and gravel, which was evidently indentical with that con- 
taining the fossil trees on the summit. This would seem to 
imply that the upper portion of the valley had once been filled 
with these peculiar beds, and, through their denudation, had 
gradually attained its present proportions. However that may 
be, the volcanic deposit and its contents is certainly of great 
interest, even in this land of geological wonders. and is well 
worthy of a more systematic exploration than we were able to 
give it in the limited time at our command. 

Yale College, New Haven, February 10th, 1871. 
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Art. XL.—On the Determination of the Alkalies in Silicates by 
ignition with Carbonate of Lime and Sal-ammoniac; by J. 
LAWRENCE Smiru, of Louisville, Ky. 


In the following description of a method of separating and 
determining the alkalies, I aim to give the minutest details. Nu- 
merous analyses have given me the experience here presented ; 
and I am convinced that analytical chemists, if they follow out 
the directions, will not resort to any other known method. If 
there be a better method it is yet to be discovered. The pres- 
ence of boracic, hydrofluoric and phosphoric acids in the min- 
erals in no way interferes with the process. Even in silicates 
soluble in acids, I prefer this method, in common with other 
analysts, for itsease and accuracy. I made the researches during 
the latter part of 1852, and the details were published early in 
1853.* Since then I have employed the process many hun- 
dreds of times, with the most accurate results) Some minor 
points were not completed satisfactorily until several years after 
the first notice of the method ; these have since been perfected, 
and I now know of nothing further that is needed. 

The purpose of this article is to give all the improvements, 
with a minute detail of the manipulations, and of the precau- 
tions necessary, all of which are simple and easily executed. In 
the two articles on the subject of alkali determination in miner- 
als published in 1853, the whole subject was reviewed, and it is 
needless to return to it now. I then considered the processes 
by caustic baryta and its salts, and by hydrofluoric acid, and 
also detailed some experiments on the separation of the differ- 
ent alkalies from each other, and on the microscopic examina- 
tion of the same, etc. It was proved that, after the caustic al- 
kalies, the most powerful agent to attack silicates at a high tem- 
perature is caustic lime, a fact not new to chemists. But for 
the purpose of arriving conveniently by this method at a qguan- 
titative determination of the alkalies in silicates, certain methods of 
manipulation, and facts with regard to quantity of material, 
admixture, etc. had to be discovered ; and in them resides the 
success of my process—converting the most difficult parts of 
the analysis of a silicate into the easiest. 

The methods of analysis by caustic baryta and by means of 
its carbonate, are now no longer used, for various reasons fully 
detailed by Rose in his Analytical Chemistry. The method 
still extensively employed is that with hepdeaiente acid, pro- 

* Shortly after my first publication in this country, M. St. Claire Deville made 
known his method of analyzing the silicates by fusion with carbonate of lime, but 


the nature of his process and the objects to be arrived at were quite’ different from 
those attained in this process. 
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posed by Berzelius ; and when used with the necessary precau- 
tions, it has seemed to decompose all silicates; still, according to 
Rose, there are siliceous compounds that cannot be completely 
decomposed by hydrofluoric acid.* 

Dismissing all criticism, I at once proceed to the.method 
which is the subject of this article, viz: the Decomposition of 
Silicates by ignition with Carbonate of Lime and Sal-ammoniac. 
A mixture of carbonate of lime and sal-ammoniac is used in 
the decomposition simply for the purpose of bringing the caus- 
tic lime to act, in a most thorough manner, upon the silicates at 
red heat.+ 

Pure carbonate of lime.—The first requisite is pure carbonate 
of lime. This is made in my laboratory, as follows: Take as 
good marble (calcite) as can be conveniently found, and dissolve it 
in hydrochloric acid (it is not necessary that the acid be perfectly 
pure), add an excess of the marble and warm the solution; to 
it add lime water or some milk of lime made from pure lime, 
until the solution is alkaline to test-paper; the lime is added 
to precipitate any magnesia, phosphate of lime, &c., that may 
have existed in the marble. Filter this solution and precipitate 
with carbonate of ammonia, after heating to at least 160° F.t 
The carbonate of lime thus precipitated is to be thrown on a 
filter and well washed with distilled water. Thus prepared, 
the carbonate of lime is a dense powder and perfectly pure, or 
if it contain any impurity, it will be a trace of carbonate of ba- 
ryta or strontia, which in no way interferes with its use. 

Sal-ammoniac.—To obtain this reagent in the most convenient 
form, take some fragments of clean sublimed sal-ammoniac, dis- 
solve them in water with a gentle heat, filter, evaporate the 
filtrate over a steam bath or a sand bath, or by means of any 
other convenient gentle heat, and as the crystals deposit them- 
selves, stir the solution to keep them small; when half or two- 
thirds of the sal-ammoniac is deposited, pour off the liquid with- 
out waiting for it to cool, throw on a cotton filter, and dry the 
crystals at the temperature of the atmosphere. In this way, 
sal-ammoniac is obtained that can be easily pulverized. 

Vessel for the decomposition.—The ordinary platinum crucible 
can be used for this purpose, and for many years was employed by 

* The process used by Deville, in fusing with carbonate of lime, is in most cases 
better than that by hydrofluoric acid, and one that I should use in preference to 
all others except the one now under notice. 

Chloride of calcium at a red heat will dissolve more or less caustic lime. 

{ This precaution must not be overlooked, as it is desirable to obtain the precipi- 
tated carbonate of lime as dense as possible. Ifthe carbonate of ammonia be 
added to the cold solution, the precipitate, at first gelatiuous, will ultimately be- 
come much more dense and settle readily ; the same is true if the mixture be heat- 
ed after tlhe addition of the carbonate ; but in neither case will it be as dense as 
when the carbonate is added to the hot solution of chlorid of calcium. The reac- 
tion in the analysis i< inno way affected by the form of the carbonate of lime; but by 
using the denser form, the mixture occupies less space in the crucible. 
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me. Yt was found, however, that while it is the best, hitherto 
contrived, both for precision and ease, there was yet a very mi- 
nute quantity of alkalies lost by volatilization ; and I made fur- 
ther researches to overcome this small loss. This I have suc- 
cessfully accomplished, and for some time I have used an im- 
proved form of crucible. The one for half to one gram of sili- 
cate, is of the following form and dimensions, viz: an elongated, 
slightly conical crucible with rounded bottom and cover (either 
with or without the central wire by which to hold it); length 
95 mm.; diameter of opening 22 mm.; diameter of smaller 
end just at the turn of the bottom 16 mm. ; weight about 35 
to 40 grams. These are now made by Messrs. Johnson, Mattley 
& Co., Hatton Garden, London, to whom I have furnished all 
the necessary directions. This shape is given it in order that 
the portion of the crucible containing the mixture may be heated 
strongly, while the upper portion is below a red heat. 

Manner of heating the crucible—The ordinary crucible, if 
used, may be heated in the manner commonly employed for 
the fusion of silicates. If the new form of crucible, however, 
is employed, then the upper part is grasped by a convenient 
metallic clamp in a slightly inclined position, and a moderate 
blast from the table blow-pipe made to play upon it for about 
25 or 30 minutes. But as gas is to be found in every well- 
mounted laboratory, Bunser burners of all dimensions are 
used, and when properly applied, can be made to give all gra- 
dations of heat; a simple, cheap, and convenient furnace, with a 
properly arranged draught, can be made to accomplish all fusions 
of silicates without the aid of any manual labor, and I there- 
fore employ such an apparatus. (A description of it is given at 
the close of this article.) 

Method of analysis.-—W e have now the pure carbonate of lime, 
granular sal-ammoniac and the proper crucible. The silicate 
should be well pulverized in an agate mortar;* and half a 
gram or one gram of it is taken. The former amount is most 
commonly used, it being sufficient and best manipulated in the 
crucible; a gram, however, may be conveniently employed. 
The weighed mineral is placed in a large agate mortar, or better 
in a glazed porcelain mortar, of half to one pint capacity; an 
equal quantity of the granular sal-ammoniac is weighed out 
(a centigram, more or less, is of no consequence), and put 
into the mortar with the mineral, and the two are rubbed to- 
gether intimately. After this, add eight parts of the carbon- 

* While in all mineral analysis thorough pulverization of the mineril is usually 
essential, still it is a singular fact, very good analyses can be made with this meth- 
od even when the powder is tolerably coarse, and in some experiments with lep- 
idolite, I used powder of which much of it was in particles of from 1-40 to 1-30 


of an inch, and obtained excellent results. Notwithstanding this, thorough tritura- 
tion of the mineral is recommended. 


\ 


272 oJ. L. Smith—Determination of the Alkalies in Silicates. 


ate of lime in three or four portions, and mix intimately after 

each addition; empty the contents of the mortar completely 
upon a piece of glazed paper, that ought always to be under 
the mortar, and introduce into the crucible. The crucible is 
now tapped gently upon the table and the contents settled 
own. 

The crucible is then clasped by a metallic clamp in an inclin- 
ed position, or it is placed in the upper part of the support re- 
ferred to in the latter part of this article, leaving outside about 
three-fourths of an inch or one inch. By means of a small 
Bunsen burner the heat is brought to bear just above the top 
of the mixture and gradually carried toward the lower part, 
until the sal-ammoniac is completely decomposed, which takes 
about five minutes ; heat is then applied in the manner suggest- 
ed, either with the blast, or with the burner referred to, acting 
by its own draught, and the whole kept up to bright red heat, 
for from 40 to 60 minutes. It is well to avoid too intense a 
heat. 

The crucible is now allowed to cool, when the contents will 
be found to be more or less agglomerated in the form of a semi- 
fused mass. A glass rod or blunt steel point will most com- 
monly detach the mass, which is then dropped into a platinum 
or porcelain capsule of about 150 centimeters capacity and 60 
or 80 centimeters, and distilled water added. After some time, 
the mass will slack and crumble in the manner of lime; still 
better, this may be hastened by bringing the contents of the cap- 
sule to the boiling point, either over a lamp or water-bath ; at 
the same time, water is put into the crucible to slack out any 
small particles that may adhere to it, and subsequently this 
is added to that in the capsule, washing off the cover of the cru- 
cible also. 

After the mass is completely slacked, the analysis may be 
proceeded with; as a general thing, I prefer to allow the diges- 
tion to continue six or eight hours, though this is not necessary. 

If the contents of the crucible are not easily detached, do 
not use very much force as the crucible may be injured by it, 
but fill the crucible to about two-thirds its capacity with water, 
bring it almost to the boiling point, and lay it in the capsule 
with the upper portion resting on the edge, the lime will slack 
in the crucible, and then may be washed thoroughly into the 
dish; also, as before, the cover is to be washed off. 

We have now by this treatment with water, the excess of 
lime slacked into a hydrate, and some of the lime combined 
with the silica and other ingredients of the silicate in an impal- 


pable form. In solution, there is an excess of chloride of cal- 
cium formed in the operation, and all the alkalies originally 
contained in the mineral, as chlorides. All that now remains 
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to be done is to filter and separate the lime as carbonate and 
nothing is left but the chlorides of the alkalies. To do this, 
proceed as follows: Throw the contents of the capsule on a 
filter, the best size of which for the quantity above specified, is 
oné 3 to 34 inches in diameter; wash well, to do which requires 
about 200 centimeters of water; the washing is executed rap- 
idly. The contents of the filter (except in those cases where 
the amount of the mineral is very small and there is no more 
for the estimation of the other constituents) is of no use, unless 
it be desired to heat again to see if any alkali still remains in it. 

The filtrate contains in solution all the alkalies of the min- 
eral, together with some chloride of calcium and caustic lime ; 
to this solution, after it has been thrown into a platinum or por- 
celain capsule, is added a solution of pure carbonate of ammo- 
nia (an amount equal to about one lt a half grams is requir- 
ed). This precipitates all the lime as carbonate; it is not, how- 
ever, filtered immediately, but is evaporated over a water-bath 
to about 40 centimeters, and to this is added again a little car- 
bonate of ammonia, and a few drops of caustic ammonia, to 
precipitate the little lime that is redissolved by the action of the 
sal-ammoniac on the carbonate of lime; filter on a small filter 
(2 in.) which is readily and thoroughly washed with but little 
water, and the filtrate allowed to run into.a small beaker. In 
this filtrate are all the alkalies as chlorides, and a little sal-am- 
moniac. Adda drop of carbonate of ammonia, to make sure 
that no lime is present. Evaporate over a water-bath in a tared 
platinum dish, in which the alkalies are to be weighed; the 
capsule used is about 60 centimeters capacity, and during the 
evaporation is never filled to more than two-thirds its capacity. 

After the filtrate has been evaporated to dryness, the bottom 
of the dish is dried, and on a proper support heated very 
gently by a Bunsen flame, to drive off the little sal-ammoniac. 
It is well to cover the capsule with a piece of thin platinum to 
prevent any possible loss by the spirting of the salt; after the 
sal-ammoniac has been driven off by gradually increasing the 
heat, the temperature of the dish is brought up to a point a little 
below redness, the cover being off. (The cover can be cleaned 
from any sal-ammoniac that may have condensed upon it by 
heating it over the lamp.) The capsule is again covered, and 
when sufficiently cooled, and before becoming fully cold, is 
placed on the balance and weighed. This weight gives as 
chlorides, the amount of alkalies contained in the mineral. 

If the chloride of lithia be present, it is necessary to weigh 
rapidly, for this salt being very deliquescent takes moisture 
rapidly. 

It not unfrequently happens that the chlorides at the end of 
the analysis are more or less colored with a small amount of car- 
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bon arising from certain constituents in carbonate of ammonia; 
the quantity is usually very minute and in no way affects the 
accuracy of the analysis. In selecting pure carbonate of am- 
monia for analytical purposes, it is well to take specimens that 
are not colored by the action of light. 

It only remains now to separate the alkalies by the known 
methods. Under this head I have made several observations, 
that at some future time may be published as soon as the re- 
sults are sufficiently definite. 

A special arrangement jor heating the crucible by gas.—The 
support and burner, where gas is to be had, are simple in their 
character and have been contrived after a great variety of ex- 
periments with gas furnaces. The figure here given illustrates 
the stand, burner, crucible, &c., and is about one-sixth the nat- 
ural size.* 

his the stand with its rod g; dis a brass clamp with two 
holes at right angle to each other having two binding screws; it 

slides on the rod g; the second 

hole is for a round arm attached 

to b, the binding screw e fixing 

it in any position. b is a plate 

of cast iron five to six mm. thick, 

ten to eleven cm. long, and four 

and one half cm. broad, having a 

hole in its center large enough to 

admit the crucible to within about 

15 mm. of the cover, without bind- 

ing. a is the crucible already re- 

ferred to which is made to incline 

a few degrees downward by turn- 

ing the plate of iron that supports 

it. e¢ is a chimney of sheet iron, 

eight to nine cm. long, ten cm. 

high, the width at the bottom be- 

= ing about 4 cm. at one end, and 

about three cm. at the other end. 

It is made with the sides straight for about four cm., then in- 
clines toward the top so as to leave the width of the opening at 
the top about one em. A piece is cut out of the front of the 
chimney of the width of the diameter of the hole in the iron 
support, and about four em. in length, being semi-circular at the 
top, fitting over the platinum crucible. Just above this part of 
the chimney is riveted a piece of sheet iron in the form of a 
flattened hook n which holds the chimney in place by being 
slipped over the top of the crucible support; it serves as a pro- 
tection to the crucible against the cooling of the currents of air. 


* This apparatus can be obtained from T. E. Jenkins & Co., of Louisville, Ky., 
importers and dealers in chemical apparatus. 
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fis the burner which has been described in an article on flame- 
heat in this Journal, II, vol. 1, p. 841. The upper open- 
ing of it is a slit from 1} to 2 mm. in width, and from 3} 
to 44 cm. long, and when used is brought within about two 
cm. of the lowest point of the crucible, ‘the end of the flame 
just playing around the lower end of the crucible; the gas en- 
ters the lower part of the burner by two small holes of one- 
sixteenth of an inch, furnishing at one inch pressure about 54 
cubic feet of gas per hour; the precaution must be observed 
already referred to, in heating the crucible at first gently above 
the mixture. It is surprising to see the effect produced by this 
simple burner as here used ; 8 grams of precipitated carbonate of 
lime can be decomposed to ‘within two or three per cent in one 
hour, and when mixed with silica or a silicate, in a very much 
shorter space of time; although in my analysis I employ one 
hour as it requires no attention after the operation is once start- 
ed. This form of furnace and crucible is found to be conven- 
ient for other operations. 

Although the details here given are long, the time occu- 
pied in the analysis is short, and the necessary precautions are 
of a simple character, so much so, that results obtained by stu- 
dents in beginning chemical analysis have been found by me 
far more reliable and less variable on the alkalies of the sili- 
cates than on any of the other constituents. Good alkali deter- 
minations can be made in three hours or less from the com- 
mencement of the operation, hastening the evaporation by 
more direct application of the heat, which of course requires 
more close watching 

It is a common practice of mine, when a silicate presents 
itself of which there are no physical means of ascertaining its 
nature, to make at once an alkali determination, which not 
unfrequently indicates immediately what it is if it be a known 
silicate containing an alkali; and if an unknown compound, 
the analysis made is one step in the examination. 


Art. XLL—On the Great Sun-spot of June, 1843 ; by Professor 
DANIEL KiRKWooD, Bloomington, Indiana. 


ONE of the largest and most remarkable spots ever seen on 
the sun’s dise appeared i in June, 1848, and continued visible to 
the naked eye for 7 or 8 days. The diameter of this spot was, 
according to Schwabe, 74,000 miles; so that its area was many 
times greater than that of the earth’s surface. Now, it has been 
observed during a number of sun-spot cycles that the larger 
spots are generally found at or near the epoch of the greatest 


‘ 
~ 


276 D. Kirkwood on the Sun-spot of June, 1843. 


numbers. The year 1843 was, however, a minimum epoch of 
the eleven-year cycle. It would seem, therefore, that the 
formation of this extraordinary spot was an anomaly, and that 
its origin ought not to be looked for in the general cause of the 
spots of Schwabe’s cycle. 

As having a possible bearing on the question under consider- 
ation let us refer to a phenomenon observed at the same 
moment, on the first of September, 1859, by Mr. Carrington, 
at Redhill, and Mr. Hodgson, at Highgate. ‘“ Mr. Carrington 
had directed his telescope to the sun, and was engaged in ob- 
serving his spots, when suddenly two intensely luminous 
bodies burst into view, on its surface. They moved side by 
side through a space of about thirty-five thousand miles, first 
increasing in brightness, then fading away. In five minutes they 
had vanished. * * * It is a remarkable circumstance, that the 
observations at Kew show that on the very day, and at the very 
hour and minute of this unexpected and curious phenomencn, 
a moderate but marked magnetic disturbance took place; and 
a storm, or great disturbance of the magnetic element, occurred 
four hours after midnight, extending to the southern hemi- 
sphere.” 

The opinion has been expressed by more than one astronomer 
that this phenomenon was produced by the fall of meteoric 
matter upon the sun’s surface. Now, the fact may be worthy 
of note that the comet of 1843, which had the least perihelion 
distance of any on record, actually grazed the solar atmosphere 
about three months before the appearance of the great sun-spot 
of the same year. The comet's least distance from the sun was 
about 65,000 miles. Had it approached but little nearer, the 
resistance of the atmosphere would probably have brought its 
entire mass to the solar surface. Even at its actual distance it 
must have produced considerable atmospheric disturbance. 
But the recent discovery that anumber of comets are associated 
with meteoric matter, traveling in nearly the same orbits, 
suggests the inquiry whether an enormous meteorite following 
in the comet's train, and havi ing a somewhat less perihelion 
distance, may not have been precipitated upon the sun, thus 
producing the great disturbance observed so shortly after the 
comet's perihelion passage. 


| 
i 
i 
| 
| 
i 
| 
+ 


R. Bunsen—Calorimetric Investigations. 277 


Art. XLIL—Calorimetric Investigations ; by R. BUNSEN.* 
(Continued from page 179.) 


The Ice Calorimeter. 


IN order first to become better acquainted with the phenomena 
attending the formation of ice, although only’in so far as the 
come under consideration in using the instrument, the calori- 
meter, containing a cylinder of ice and carefully surrounded 
with snow, was kept long under observation. It stood, as in all 
the following experiments, in a large earthenware decanting 
jar, through whose lower orifice the water dropping from the 
melted snow could continually flow off, so that a contact be- 
tween the lower part of the instrument and the water thus 
formed was not to be feared. The instrument soon surrounds 
itself with a coherent mass of semisolid snow (firneis). If, 
after twelve or fifteen hours, a considerable cavity has been 
formed on the walls of the jar by the external melting of this 
mass, this cavity is then increased by smoothing off the loosely 
coherent substance with a spatula-shaped stick, thé portions 
thus scraped off being stuffed into the vacent spaces under the 
calorimeter, and the snow lost by melting replaced with fresh. 
The first experiments were made with freshly fallen snow, which 
had been collected from a clean substratum of the same sub- 
stance, and varefully shielded from every contamination aris- 
ing from the soil. Of this snow, one hundred weight was pre- 
served in a clean wooden chest, as a stock for the refillings 
during the experiments. With such a stock the calorimeter 
may by filling up twice daily, be kept for weeks in continual 
use without the necessity of renewing the ice-cylinder. 

Throughout the entire duration of the observations, which 
occupied five days, the inner vessel enclosed in the ice-cylinder 
was kept closed with a rubber stopper, and the whole instru- 
ment, with the exception of the scale, surrounded on all sides 
with melting snow. ‘The temperature of the room in which the 
observations were made varied between 0°5C. and 6°-C. The 
observations are presented in the following table 1. Column I, 
contains the time of the observations in hours. Column II 
gives the readings of the calorimeter scale for these times; the 
observed values are characterized by a star, the others have 
been calculated from these by interpolation. Up to the thirty- 
first hour the mercury which left the graduated tube was 
weighed; and the weight thus found transformed into scale- 
divisions according to equation (1). Coiumn III has been cal- 
culated with the aid of equation (3), and gives the weight of 


* Translated for this Journal, with permission of the author, from Poggendorff’s 
Annalen der Physik und Chemie, Bd. cxli, by Dr. G. E. Moore, of San Francisco. 


278 R. Bunsen—Calorimetric Investigations. 


the ice, expressed in grams, which has been formed in the 
instrument from the beginning of the period in question. 


TABLE I. 

| | | | | 

| 1. | |) I II. III. 1. II. III. 

0-0 | 0-0 | 41 | 2739°8 | 23358 || 82 28105 | 2°3961 
633°8 | 3404 || 42 | 2740°3 | 2:3863 || 83 2811-6 | 2:3971 
12676 | 1-0807 | | 2°3367 84 2812'S | 2°3981 
|| 44 | 2741-3 | 23371 || 85 | 2813-9 | 23990 


| 3 2740°8 
| 


"7834 || 45 | 2741°8*) 2°3376 || 86 2815-0 2°4000 
2164°8 "8456 || 46 | 2743°3*| 2°3389 87 2816°1 2°4009 
2296°5 9579 || 47 2744°7 2°3401 || 88 2817°2 24018 
2428°2 *| 2-0702|| 48 2746°2 *| 2°3413 89 2818°4 2°4029 
2443°4 | 2°0832 || 49 2747°0 2°3420 || 90 2819°5 2°4038 
2458°6 | 2°0961|| 50 | 2747°8 | 2:3427 || 91 2820°6 *| 2°4048 
10 2473°8 2748°6 | 2°3484 || 92 2822°2 | 2°4061 
1l 2489°0 | 2°1220]| 52 2749°4 | 2°3441 || 98 28249 *| 2°4076 
12 | 2504°? 53 2750°3 *| 23448 || 94 2825°1 2°4086 
13 | 25286 | 2°1558|| 54 | 2751-6*) 2-3460 || 95 28264 2°4097 
14 | 2553°0 | 2°1766|| 55 

56 


I 

0 0 

1 0 

2 1 
3 1901°4 *| 1°6211 | 
4 2033°1 | 1 
5 1 
6 1 

7 2 
8 
9 


© 
— 
on 


2753°0*| 23471 || 96 | 2827°6*' 2-4107 
15 | 2577-4 | 21974 2754-4 | 23483 || 97 | 28289 24118 
16 | 2601°8 | 2°2182|| 57 | 2755°8*| 22495 || 98 | 28302 | 2-4130 
17 | 2626-2 | 58 | 2758-0 | 23514 || 99 | 2831°6 | 2:4141 
18 | 26506 | 2-2598 59 | 2760-2 | 23533 || 100 | 2832°9*) 2-4152 
19 | 2675-0 | 2-2806|/ 60 | 2762-4 | 23551 || 101 | 2834-2 | 2-4164 
20 | 2699-4 | 2:3014|/ 61 | 2764°6 | 2:3570 || 102 | 2835°6 | 2:4176 
21 | 2723°8*| 2-3:22|/ 62 | 2766-9 | 23590 || 103 | 2836-9%| 2-4186 
22 | 27248 | 2°3231|/ 63 | 2769-1 | 23608 || 104 | 2837-6 | 2-4193 
23 | 2725°8 | 2°3239|| 64 | 2771-3 | 23627 || 105 | 28383 | 2-4199 
24 | 2726°8 | 2°3248|/ 65 | 2773-5 | 23591 || 106 | 2839°0 | 2-4204 
25 | 2727-8 | 23256 || 66 | 2775-7 | 23665 || LOT | 2839-7 | 2-4211 
26 | 2728°8 | 23265 || 67 | 2777-9 | 2°3684 || 108 | 2840-4 | 2-4217 
27 | 2729°8 | 23273|/ 68 | 2780-9 | 23709 || 109 | 2841-1 | 24293 
28 | 2730°8 | 23282 || 69 | 23735 || 110 | 2841-8 | 2-4229 
29 | 2731°8 | 2°3291|/ 70 | 2786-2 | 23754 || 111 | 28425 | 24234 
30 | 27828 | 23297!) 71 | 23774 || 112 | 2843-2 2-4240 
31 | 27338 | 2:3307// 72 | 2790-7 | 23793 || 113 | 2843-9 | 2-4246 
32 | 27348 | 2°3316|/ 73 | 2792-9 | 23811 || 114 | 28344-6%) 2-4252 
33 | 2735°8*| 2:3324|| 74 | 2795-0 | 2-3829 || 115 | 2844-6 | 2-4252 
34 | 27363 | 2°3329|/ 75 | 2797-1 | 23847 || 116 | 28446%) 2-4252 
35 | 2736-8 | 2°3333|/ 76 | 2799-2 | 23865 || 117 | 28446 | 2-4252 
36 | 2737-3 | 2:3337|/ 77 | 23883 || 118 | 28446%| 2-4252 
87 | 2737-7 | 2°3342|/ 78 | 2803-2 | 23899 || 119 | 28446 | 2-4252 
38 | 27383 | 2-3346|| 79 | 2805-2+| 23916 || 120 | 2984464] 29-4252 
39 | 27388 | 23350/| 80 | 28073 | 23934 | 
40 | 2739°3 | 233541 81 | 2809-4 *| 2-3952 


The table shows that about two grams of the water, contained 
in the calorimeter, froze at the temperature of melting snow 
during the first seven hours, that this freezing at the tempera- 
ture of melting snow continued 114 hours in diminishing ratio, 
and that after this long time a period began, in which the water 
did not freeze further at the temperature of melting snow. 
The disproportionately great formation of ice at the beginning 
of the experiment arose evidently from the low temperature 
which the cylinder of ice, formed at —15° C. to -20°C., originally 
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possessed, as the following consideration shows. Let it be 
assumed that the amount of ice g, formed during the first seven 
hours originated in the loss of heat which the water suffered in 
order to warm the ice-cylinder from —¢° to 0°C., then will the 
mean temperature, which the ice-cylinder must have had in 
order to produce the above named weight of ice, result from 


the equation ¢ = <4, wherein / signifies the heat of melting 
8 


w 

for water, s, the specific heat of ice, and G the weight of the 
ice-cylinder cooled to ¢*. In this equation only G is unknown. 
After the termination of the series of experiments in table 1, 
in order to determine G, the open end of the scale tube was 
dipped into a weighed glass vessel full of mercury, and, after 
the ice cylinder had melted and the instrument had been 
brought again to 0°C., the loss in weight G, of the mercu 
vessel was ascertained. The desired weight of the ice-cylinderis 

anit, wherein s, signifies the specific gravity of mercury as 
0° C., p the weight of melted ice corresponding to one division 
on the scale (equation 3), v the volume of one scale division 


(equation 1). The values of the terms occurring in this and 
the preceding equation are: 
1=80-08 8g=13'596 8w=0°48 


g= 2°13 grm. G,=61227 grm. p =0:0008526 grm. 

v= 000007733 cubic centimeter. 

By the substitution of these values in the equation there 
results, as the weight of the ice cylinder used in the observa- 
tions G= 49°65 grm. 
and for its temperature t=—6°-95C. 

The ice cylinder, which had been produced at a temperature 
of at least —15°C., needed therefore to have possessed, at the 
time the instrument was placed in the snow, a temperatue —7°C. 
only, in order to have produced by its warming to 0° C. the for- 
mation of ice cement during the first seven hours. As from 
the determination of specific heat communicated beyond, it 
may be concluded that a period of seven hours is far more than 
sufficient to equalize a difference of temperature of 7°C. in the 
instrument, it is necessary to ascribe the ice formation which 
is visible in the table and which lasted more than 100 hours, © 
to another cause than the one under consideration. Without 
entering further into the question whether this cause is to be 
sought for in the air contained in the snow water, as C. Schultz* 
assumes, or whether the passage of the snow to the semi-solid 
state (firneis), plays therein a part, it may suffice in the first 
place, to give prominence only to those influences determining 


* Pogg. Annalen, exxxvii, 253. 
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a lowering of the melting point of ice, which are particularly 
deserving of attention in the employment of the ice-calorimeter. 
If the pure snow which surrounds the instrument be saturated 
with as much boiled-out or distilled water of 0° C., previously 
shaken with air, as it can retain after the excess has been 
allowed to drain off, there ensues, at least during the first 
twelve hours, during which alone the observations were carried 
on, no freezing but such a melting of the ice in the interior of 
the instrument that it would, under these circumstances, be 
entirely unserviceable for observation. On the other hand the 
slightest impurity of the snow determines such a large continual 
deposition of ice on the ice cylinder, that the mercury thread 
often advances in one minute several divisions on the scale. 
Snow which has absorbed even traces of salts from the soil, or 
of animal, or vegetable impurities from the street pavement, 
shows this lowering of the melting point in the most striking 
manner. River ice of such purity that the water obtained from 
it by melting, showed with barium chloride and silver solu- 
tion only after a long time, a scarcely perceptible turbid- 
ness produced in the instrument during three days two 
grams of ice. After these observations it is self-apparent that 
only the purest snow can be used in the experiments. It is 
also advantageous to work in an apartment whose temperature 
is not too high above 0°C., and not to begin the observa- 
tions, until the formation of ice on the ice-cylinder does not 
exceed a few scale divisions in the hour. Above all, however, 
care must be taken that, before the instrument is allowed to 
take, in the snow, a constant temperature, a small layer of 
water has been formed by melting between the glass walls and 
the adjacent ice-cylinder, in order that unequal tension and its 
consequent elastic after-effect may be avoided. 

The accuracy of the observations depends, however, most 
essentially upon the care which has been taken in the original 
arrangement of the instrument, that all the air absorbed by the 
mercury and water be removed. This is to be attained in the 
following manner: the instrument, filled to the half with boiled 
out water, is fastened with the mouth turned downward on the 
arm of a retort-holder, the mouth of the tube ce, fig. 1, which is 
not yet provided with an iron casing, is sunk in water which is 
kept in constant ebullition in a beaker-glass, and the water in 
the instrument which reaches to # kept boiling until it has 
evaporated to 4. If now the lamp used to heat the apparatus 
be removed, the latter will fill itself with airless water. It is 
allowed to cool and is then, after it has been placed upright as 
in the drawing, filled to the height 6 with so much freshly 
boiled-out mercury, that the mercury level in the vessel 6 
stands about equally high with that in the tube c«. The water 


, 
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is now for the most part removed with a pipette from the tube 
c, the tube is freed from all moisture by means of a current of 
dry air produced by the water air-pump, and only then is the 
iron head-piece d cemented on with the finest sealing wax, in 
such a manner, that the tube ¢ projects inside to some distance 
above the bottom, in order that later, the stopper bearing the 
scale may rest in the mouth of the glass tube c and not in the 
iron casing. The last filling with boiled mercury to the level 
y is performed by the aid of a capillary glass tube, in order 
to avoid all air bubbles on the sides of the tube. 

In order to place the mercury thread in each experiment on 
one of the first divisions of the scale, it suffices to press the 
cork of the graduated tube, with a rotary movement, somewhat 
deeper into the mercury tube ¢, fig. 1. If the thread has there- 
by exceeded the commencement of the scale, there is a small 
brass weight, fastened on a thread and previously warmed by 
contact with the hand or tongue, sunk into the fluid a, fig. 1. 
If the weight of the brass weight be g grams, its temperature 
i, its specific heat s,,, the latent heat of melting for water /, and 
the weight of melted ice, obtained by equation (2), which cor- 
responds to an oscillation of one scale division, denoted by 
p, then the oscillation produced by the brass weight g is equal 


to divisions. If we let 
P 
t=87°C. =0-0989 p=0-000858 


and g equal successively 0-1, 0°2, 0-4, 06, ...... grams, the 
following retreats of the mercury thread, expressed in round 
numbers, will be obtained. 


Ol grm. 5 scale divisions. 0°6 grm. 380 scale divisions. 


By dipping in one of these brass weights, previously warmed 
under the tongue, the mercury thread can be made to retreat to 
the desired extent. The oscillations corresponding to the little 
weights, which were only warmed to 37°C., are well adapted 
to give an idea of the extraordinary delicacy of the instrument. 
The increase of temperature which 0°4 grams of brass at 
37°C. would produce by immersion in the mass of water in the 
instrument, amounting to about 20 grams would displace the 
mercury thread of a centigrade thermometer only 0°07, that 
of the just described calorimeter, however, twenty scale divi- 
sions, each of which was, in the instrument employed, one 
millimeter in length. 

In relation to the readings on the scale, it is still to be observed 
that, before such observation of the scale tube, which is best to 
be made with the telescope, the former must, particularly when 
it is very narrow, be gently agitated by repeated rapping until 
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the capillary resistance is overcome, and the mercury thread 
does not retreat by further rapping. 

Table 1 shows already that the mercury thread of the instru- 
ment is generally not perfectly stationary. The displacement, 
which, in a positive as in a negative sense may amount to 1 to 
8 divisions in the hour, is, as the observer may easily perceive 
by the employment of the calorimeter, nearly proportional to 
the time. The slight error thus introduced may be eliminated 
in the following manner: As soon as it is seen that the instru- 
ment has become sufficiently stationary, the height of the 
mercury thread is noted from 80 to 80 minutes. If the dis- 
placement of the latter amounts in m minutes to 7 scale divi- 
sions, then the displacement to be ascribed to foreign influ- 
ences is for one minute —°. 

0 

The hour My and the height of the mercury thread Q) are 
now observed at the moment, when the substance to be investi- 
gated is allowed to fall from the heating vessel / fig. 4, (see 
page 173) into the calorimeter vessel a, fig. 1, and both observa- 
tions are repeated one hour later, whereby further M, and Q, 
result; finally the movement of the mercury thread independent 
of the heat to be measured, is once more determined, as in the 


T 
beginning of the experiment —. 
my 


The mean displacement of the mercury thread, independent 
of the experiment, amounts therefore in one minute to 
To 
Mo Mm, 
and throughout the entire duration of the experiment to 


scale divisions. This value is to be added to the oscillation of 
the mercury thread Q,:—Q, observed during the experiment as 
a correction, and especially, with the negative sign prefixed 
when the displacement independent of the experiment took 
place in the way of ice melting, with the positive sign in the 
opposite case. For the oscillation T, corresponding to the quan- 
tity of heat to be measured, the equation 


T=(Q—Q)+ (M,—Ma) 4(2 + 
is therefore obtained, wherein it is hardly necessary to mention, 


that, for the direct readings, their values according to the 
table of calibrations are to be substituted. 


(To be continued.) 
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Art. XLITI.—On the Solar Protuberances ; Abstract of a Note read 
by Prof. L. Respicui, before the Accademia de’ Nuovi Lincei, 
Dec. 4, 1870.* With a plate. 


THIs note is founded upon spectroscopic observations of the 
border and protuberances of the sun regularly made by Prof. 
Respighi, at the Campidoglio observatory in Rome, from Oct.. 
1869, to Nov., 1870. The author deduces some important facts 
relative to the forms, size, development, and transformation of 
the protuberances; to their duration, and the manner of their 
distribution over the solar disk; and to their connection with 
the other solar phenomena, namely, the spots and the facule. 

Among the surprisingly various and singular forms of the 
protuberances, he finds those that have the appearance of gaseous 
masses issuing from the sun’s surface to be so marked and con- 
stant, that it 1s necessary to conclude that they are really pro- 
duced by gaseous eruptions from within the body of the sun, 
taking place with more or less energy, and on a varying scale 
of grandeur. 

Not being able to explain the various modes according to 
which the erupted masses are ramified and. diffused, by refer- 
ring them to the simple velocity of eruption combined with the 
action of gravitation, and with the natural expansion of the jets, 
or by the resistance of the solar atmosphere,-or on the supposi- 
tion of powerful currents in the latter, he finds it necessary to 
admit the concurrence of other forces acting within the erupted 
masses, and between these and the body of the sun. 

In regard to the dimensions. of the protuberances, spectro- 
scopic observations show that they may vary between the most 
remote limits, from jets which are very small and low, to those 
of enormous section and of immense altitude. Among the 
protuberances sketched by Prof. Respighi, which exceed 4,000, 
there are more than 700 not less than 1’ high, that is, more than 
three times the diameter of the earth in altitude, and among 
these some not less than 6’, that is, more than 20 times the 
earth’s diameter in height. 

To these immense altitudes of the protuberances, correspond, 
very often, expansions or ramifications in a horizontal Sees 
tion, which are truly astounding, and in which the hydrogen dif- 
fuses itself in vast volumes, or stretches out in branches 
more or less subtile and of enormous length. 

Prof. Respighi observes that the loftiest protuberances 
observed by him show, besides the spectral line C, which is very 

* Translated for this Journal, by Prof. ArTHuR W. Wriceut, of Williams Col- 
lege, Williamstown, Mass., from Secchi’s Bull. Met., Rome, Dec. 31, 1870. 

Am. Jour. Series, Vou. I, No. 1871. 
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distinct, also the line F, and the yellow line D*,* to their very 
summits, a fact already remarked by him in a previous note. 

The development of the protuberances is ordinarily announ- 
ced by bright points or patches standing out upon the chromo- 
sphere (strato rosato), from which subsequently burst forth jets 
more or less subtile, which rise, sometimes slowly, sometimes 
rapidly, to considerable elevations, and then fall back in para- 
bolic forms upon the sun, or diffuse themselves in masses of 
varying and sometimes very singular conformation, and subject 
to more or less rapid transformations. Prof. Respighi has been 
able now and then to be a witness of the development, in the 
neighborhood of the spots, of enormous protuberances, produ- 
ced by the eruption of groups of very slender and brilliant jets, 
which in a short time spread into great cloudy masses, either 
settling down upon the surface of the sun, or gradually vanish- 
ing at a great height above it. An example of this kind of 
eruption is given in the plate, in the figure of the protuberance 
No. 14, observed October 29, 1870. 

Respecting the duration of the spots, it is found that while 
some of them are developed in the space of a few minutes, and, 
after undergoing rapid transformations, in a few minutes thin 
out and disappear, others remain visible for a long time, some- 
times retaining in their forms some characteristic traits. Those 
which are the most variable and evanescent, are produced in 
the neighborhood of the spots. Outside the zone of spots, up 
to about 70° in latitude, the protuberances commonly remain 
visible for many days, so that it is possible to follow by them 
the rotation of the sun; and it has been possible, in the course 
of the observations, to observe the passage of some of the 
protuberances from one border of the sun to the other, and 
also their return to the first border, after having made a com- 

lete revolution. The time of the sun’s rotation as deduced 
y means of the protuberances agrees very closely with that 
obtained by observation of the spots near the equator; which 
shows that the retardation of this rotation observed in the 
spots distant from the equator, is an appearance due to the 
proper motion of the spots themselves. 

In regard to the distribution of the protuberances upon the 
solar surface, Prof. Respighi finds the results deduced from 
the earlier observations confirmed, namely, that in the cireum- 
polar regions, within a distance of 20° from the poles, the 


* This is doubtless the line observed by Mr. Lockyer, Oct. 20, 1868. In a 
communication to the Royal Society made that year, he says, speaking of the ob- 
servation of a solar protuberance, ‘‘two of the lines correspond with Fraunhofer’s 
C and F; another lies 8° or 9° (of Kirchhoff’s scale) from D toward E. * * * It 
is remarked that the line near D has uo corresponding line ordinarily visible in the 
solar spectrum. See also Mr. Lockyer’s account of the recent eclipse (from Nature; 
this Journal, III, i, 229) where this line is attributed to a new element, a deduction 
first made we understand by Prof. Young. A. W. W. 
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protuberances are either not found, or occur only exception- 
ally; though notwithstanding this, the surface of the sun in 
these regions cannot be in a condition of perfect calm: for 
the appearance of small jets, and the irregularity and varia- 
bility of the chromosphere, show that even in those regions 
there is a state of continuous eruption, though on a very 
small scale. 

Considering the whole body of observations made, it appears 
that the northern hemisphere is perceptibly more character- 
ized by great protuberances and gigantic eruptions than the 
southern, and that in the former large protuberances are on 
rare occasions seen at distances less than 20° from the pole, 
a thing which never happens in the southern hemisphere. In 
the vicinity of the equator, protuberances of great size occur 
less frequently than in higher latitudes. 

As to the connection of the protuberances with the facula, 
it is found that the latter are commonly accompanied by protu- 
berances of considerable size, though without being confounded 
with them in the same phenomenon. Thus it would appear to 
be proved that the faculz are special modifications of the photo- 
sphere in the neighborhood of powerful eruptions. 

The following results have been deduced from a great num- 
ber of observations made upon the border of the sun’s disk, in 
the region of the spots :— 

1. In the neighborhood of the spots the chromosphere (strato 
rosato) is rather low, quite regular and intensely bright. 

2. Upon the exact locality of a spot, or rather over its nu- 
cleus, the chromosphere is generally very low and sometimes 
totally wanting. 

3. At the nucleus, either there are no eruptions or they are 
confined to jets of great subtilty and little duration. 

4. The nuclei of the spots are either totally obscure or pos- 
sess very feeble luminosity. 

5. Along the borders of the spots, jets are thrown up of extra- 
ordinary intensity and violence and of very definite configuration. 

6. The jets adjoining the spots consist not solely of hydro- 
gen, but also of other substances, as is shown by their respec- 
tive bright lines in the spectrum. 

7. Among these bright lines which are commonly found at 
the base or in the lower portions of the jets, there are frequently 
seen those of sodium, magnesium, iron, &c., and constantly two 
lines in the red, one between C and B, distant frem C ,4;'; of 
the space C—B; the other is between B and a, distant from a 
ix°5 Of the space B—a. These lines do not correspond with 
those of any substance yet known. They are also not infre- 
quently seen quite bright in the highest parts of the jets. 

8. Now and then the eruptions in the vicinity of the spots 
assume gigantic proportions, and are probably the cause of the 
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rapid changes of form and position which are observed in the 
spots themselves. 

9. There are often seen, in the neighborhood of the spots, jets 
curved backward upon the solar disk in forms which are sensi- 
bly parabolic. 

10. The immense jets and erupted masses near the spots ex- 
pand and vanish away more rapidly than in any other region. 

11. On the area of the spots neither the photosphere nor 
the edge of the sun’s disk shows any perceptible irregularity, 
that is, neither any perceptible prominence nor depression.* 

From these results obtained by spectroscopic observations of 
the border of the sun and of the protuberances, Prof. Respighi 
is led to certain conclusions relative to the physical constitu- 
tion of the sun, among which the following may be mentioned. 

In the first place, the photosphere would appear to be the sur- 
face of an incandescent liquid mass or stratum, of suitable speci- 
fic gravity, by the weight of which various gases, and especially 
hydrogen, are confined and compressed in the interior of the 
sun, at an elevated temperature, under an enormous tension, and 
with a density differing but little from that of the superincum- 
bent liquid stratum.t 

These gaseous masses in the interior of the sun, not yet hav- 
ing been brought to a condition of stable equilibrium, might in 
some portions be less condensed, and hence from hydrostatic 
pressure would rise toward the surface with great velocity, until, 
overcoming by their enormous expansive force the resistance 
of the liquid statum, they would burst through it with a ve- 
locity greater or less according to the depth from which they 
emerged, and the degree of tension in which they originall 
were, and would thus develop those jets or eruptions whic 
constitute the protuberances. 

The masses thus erupted, then, would not be determined 
in their movement solely by their initial velocity and the ac- 
tion of gravitation, but would generally be subjected to the 
operation of other forces which would concur in their elevation, 
their diffusion, and their ramification into those extraordinary 
forms which the protuberances present. According to this hy- 
pothesis, the hydrogen issuing from the body of the sun would 
serve as aliment to the chromosphere, repairing thus the rapid 
losses of the latter, by its not improbable combination with the 
substances of the photosphere ; and it does not appear to Prof. 
Respighi abeurd to suppose that this immense stratum of incan- 
descent hydrogen, that is, the chromosphere, may be the princi- 
pal source of the heat radiated from the sun. 

* See foot note on next page. 

+ See the article of Prof. Zéllner, translated from the Proceedings of the Royal 
Saxon Society of Sciences, June 2, 1870, published Nov., 1870, in the Philosophi- 


cal Magazine, where substantially these views are stated at length, and thoroughly 
discussed. 
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In regard to the spots, spectroscopic observations appear to 
show that they are neither cavities nor clouds, but are merely 
superficial modifications,* that is, partial obscurations of the 
photosphere, produced probably, by scoria or scum floating 
upon it. On the contrary, regard being had to the well defined 
forms of the jets neighboring the spots, to their extraordinary 
subtilty, and to their enormous energy, the supposition does not 
appear to the author irrational, that the nuclei of the spots con- 
sist of portions slightly projecting from the photosphere, of solid 
masses or islands floating upon the liquid stratum which en- 
velops the body of the sun. The immense chains of jets or 
protuberances, which rise ordinarily in the region of the spots, 
might be the cause of those great transformations which are ob- 
served in the latter, and determine, by their resistance in the 
superficial strata, currents in a direction opposite to that of the 
solar rotation, from which would result the proper motion of the 
spots themselves. The limits of an article forbid entering into 
the arguments by which Prof. Respighi endeavors to justify these 
conclusions, hypotheses, in great part at least, already advanced 
by others, but without that impress of plausibility and proba- 
bility which they gain from the results of the spectroscopic ob- 
servations discussed in this note. 

The note is accompanied by four plates. Three of these rep- 
resent 140 profiles of the sun, and the fourth contains sketches 
of some of the more remarkable protuberances observed by the 
author, and is the one accompanying this article. 


On the plate, which contains 23 figures, the protuberances of 
approximately similar forms are grouped together. The observa- 
tions were all made in 1870, and severally at the following times: 

No. 1, Aug. 12, 11"; 2, Feb. 26, 10" 40"; 3, Jan. 4,1" 15™; 4, 
Oct. 7, 2" 50™; 5, Sept. 5, 1"; 6, July 23, 10"; 7, Jan. 17, 3" 45™; 
8, Nov. 12, 10" 20"; 9, Nov. 25, 9" 45™; 10, Jan. 24, 12" 40™; 11, 
Oct. 25, 10" 40™; 12, Dee. 2, 1"; 13, Aug. 26,6" 15"; 14, Oct. 29, 
12h 30™; 15, Oct. 2, 9" 45™; 16, Nov. 24, 3" 48™; 17, March 11, 
4" 40"; 18, July 30, 9" 16"; 19, Aug. 24, 12"; 20, July 1,2" 25™; 
21, Oct. 28, 1" 24; 22, April 18, 10" 7; 23, Aug. 23, 10°, 


* This conclusion is entirely at variance with those of other observers, unless 
the author designedly omits the consideration of the penumbra, or makes no dis- 
tinction between it andthe umbra. The observations of Prof. Wilson in the last cen- 
tury, and of many others since, have shown that the nucleus or umbru is very often, 
if not generally, lower than the penumbra and tlie surrounding luminous masses. 
Some years since, Mr. Dela Rue made a photograph of a solur spot, and another of 
the same spot after an interval of a day or two. When these were placed in a 
stereoscope the spot appeared funnel-shaped, the central portion being clearly low- 
est. Also. Zéllner and Lockyer have found in the displacement of the lines in 
the spectroscope, that there is sometimes decided evidence of a downward motion, 
in the dark portion of a spot. In the remarkable article, previously referred to, 
published in the Phil. Mag., Nov., 1870, Prof. Zdllner says. ‘almost all observers 
agree in admitting that the umbra lies at a lower level than the surrounding p»rts. 
The depth at which the umbra lies has been ascertained partly by direct (De la 


Rue, Stewart, Loewy), partly by indirect (Faye) observations, to be about 8’’.” 
A. W. W. 
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Art. XLIV.—Brief Contributions to Zovlogy from the Museum of 
Yale College. No. XI1I.—Descriptions of new and imperfectly 
known Ascidians from New England; by A. E. VERRILL. 


[Continued from page 212.] 
Family, POLYCLINIDA. 
Amouroucium glabrum Verrill, sp. nov. Figures 20 to 22. 


When young (fig. 20) this species forms small, clavate, or tur- 
binate, translucent masses, attached by a narrow base, and con- 
taining only a few animals arranged somewhat irregularly around 

a single cloacal opening. The sur- 

face is smooth and glabrous, with- 

out adhering sand ; the texture is 

rather firm, but so transparent as to 

distinctly show the animals, which 

are elongated and comparatively 
large, standing nearly vertically, w ith the ovaries extending 
nearly to the base of the mass, The intestines , filled with pellets 
of foecal matter, appear as conspicuous, dark, oblique spots. 

Larger specimens (fig. 21) become ‘5 to 1 inch or more broad 
and have a large attachment and expanding sides, with a more 

or less irregular, smooth upper surface, which 
is usually slightly convex. Several cloacal 
, Openings are irregularly placed on the upper 
surface, and numerous individuals are irreg- 
ularly scattered throughout the mass, though 
often forming rather indistinct circular groups 
around the apertures. The surface is glabrous 
and the tissues translucent, as in the younger 
specimens. 
The animals, when mature, are mostly about 
‘20 of an inch long, and about ‘05 in diameter: 
but many are ‘25 of an inch long and ‘06 to 
‘07 in diameter. The thorax is longer and 
broader than the abdomen, and in specimens 
taken about the middle of August the cloacal 
chamber was distended by three to five large 
eggs, with the tadpole-shaped embryos nearly 
dev eloped, while the post-abdomen was quite 
slender and the ovaries shrunken. Specimens 
py earlier (fig. 22) had the post-abdomen much thicker and 
filled with the large ovaries, in the upper part of which were 
eggs in various stages of growth, while the cloacal chamber 

Figure 22.—Amouroucium glabrum Verrill, enlarged 10 diameters: a, anal orifice ; 

b, branchial orifice ; c, branchial sac; d, cesophagus ; e, stomach: /, intestine con- 


taining foecal pellets; g, anus; fh, heart; 0, ovary ; p, eggs; g, eggs containing em- 
bryos in process of development ; 8, testes ; t, spermatic duct, ,— Original, by A, E. V. 
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contained but few eggs, in which the development was but little 
advanced. The post-abdomen is usually but little smaller at 
base than the abdomen, and tapers gradually to the obtuse end ; 
its length is generally less than that of the thorax and abdomen 
taken together, but often exceeds it. The stomach (e, fig. 22) is 
short and broad, with numerous longitudinal, glandular ridges. 
The intestine is large, and usually contains from 7 to 10, large, 
blackish foecal pellets. 

The branchial orifice (0, fig. 22) is surrounded by six, small, 
tapering papille. The anal orifice is somewhat bilabiate, the 
lower lobe being stout and broad, the upper longer and tapering. 

The color of the masses during life, is pale, translucent, bluish 
white; the branchiz are light yellow ; the stomach dark orange ; 
ovaries yellowish white; the eggs containing embryos bright 
orange-yellow. 

Eastport Harbor and Grand Menan, low-water under stones, 
to 60 fathoms, stony and shelly bottoms, attached to stones, 
shells, ascidians, etc., common,—Exp. of 1861, 63, ’64, ’68, ’70. 


Amouroucium pallidum Verrill, sp. nov. 

Masses sessile, hemispherical or subglobular, usually attached 
by a large base. Surface generally evenly rounded, sometimes 
irregular in large specimens, smoothish, but thinly covered with 
minute, firmly adherent particles of fine sand, which are im- 
bedded in the surface of the common tissue and scattered 
throughout its substance. The texture is softer and more ge- 
latinous than in the preceding species. The cloacal openings 
are few in number and irregularly placed, except in small speci- 
mens, which usually have but one large central opening. The 
animals are much smaller and more numerous than in the pre- 
ceding species, often forming somewhat circular groups of six 
or eight individuals around the cloacal openings; outside of the 
circular groups they are usually irregularly scattered, but some- 
times form linear series of eight or ten, and in young specimens 
with but one central opening they often form a larger outer cir 
cle, which is near the margin, more or less irregular, and com- 
posed of numerous individuals. Except in their much smaller 
size, the animals resemble those of the preceding species, though 
they are perhaps a little shorter and thicker in proportion. The 
post-abdomen, in all the numerous examples examined, was 
small, thick, obtuse, and decidedly shorter than the abdomen 
and thorax taken together; it contains few ovules in two series, 
and often terminates in two slender papille. 

The larger specimens of this species are ‘50 to °75 of an inch 
in diameter; the largest animals are ‘08 to 11 long, by ‘03 to 
‘04 of an inch in diameter, but many are much ~ than 


this; the largest one examined was ‘15 long by ‘05 of an inch 
in diameter. 
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The color of the masses, in life, is pale, translucent, grayish 
or bluish white, with yellowish white animals. 

Eastport and Grand Menan, with the last,—Expeditions of 
1868 and ’70. 

Amourouciuin pellucidum Verrill. 
Aleyonidium? pellucidum Leidy, Journal Phil. Acad. Nat. Sciences, 2nd ser., vol. 

iii, p. 142, Pl. x, fig. 25, 1855. 

“Polypidom translucent white, attached by narrow fascicu- 
lated bases, which are extended in a procumbent manner and 
then expand into wedge-shaped masses, upon the free, flat sur- 
faces of which the polyps are clustered. Polyps with bright 
orange colored tentacule. 

Attached to rocks, mytili, sponges, etc, at Point Judith 
(R. abundant. 

The masses of A. pellucidum from the white, fasciculated 
points of attachment to the broad free surfaces are up to an inch 
in thickness. Although I preserved a number of specimens in 
fresh sea-water for some days, I could not induce the polyps, 
if they were such, to protrude from their cells, and I only had 
the opportunity of examining them in their retracted condition 
as represented in figure 24, plate x.” 

The figure referred to very well represents the thorax and 
abdomen of a species of Amouroucium, allied to A. glabrum V., 
except that the longitudinal ribs of the stomach were mistaken 
for the retracted tentacles of a Bryozoan, and figured as such. 
The post-abdomen is not shown, and was undoubtedly accident- 
ally broken off in dissecting it out. 

he cloacal cavity, or atrium, is represented as distended by 
four large eggs, containing well advanced embryos; the bran- 
chial sac has a broad dorsal and 12 transverse ducts; the intes- 
tine is like that of A. glabrum, and contained dark foecal pellets ; 
the branchial opening has six rounded papille; the anal has an 
elongated lobe above it. 

Two specimens, dredged at Wood’s Hole, Mass. by Prof. H. 
E. Webster, appear to be identical with this species. These 
form low, soft, broadly expanded and flat topped masses, up to 
2 inches in diameter, and ‘50 to ‘75 thick, attached by the 
middle of the lower surface and proliferous around the edge of 
the base, which is surrounded by young colonies, composed of 
but few individuals arranged around a central orifice and 
covered externally with adhering sand. These young colonies 
are elongated, expanding to the truncate upper end, and ascend 
very obliquely, the outer ones remaining free, except at base, 
the inner ones coalescing more or less completely with the 
central mass. The common tissue of the upper side is very soft, 
gelatinous, translucent, with but little adhering sand; the sand 
increases toward the margin, and on the outer and lower sides 
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nearly covers the surface. The individual zodids are very nu- 
merous on the upper side, mostly arranged in rather irregular, 
elongated, elliptical or oblong systems, composed of many 
individuals of various sizes. The adult individuals are rather’ 
slender and elongated; the slender post-abdomen equalling or 
exceeding in length the rest of the body, but not more than half 
the diameter of the thorax and slightly constricted at base. In 
oung individuals, not half grown, the post-abdomen forms 
nearly half the whole length, and is very slender. The branchial 
aperture has six, short, round papille; the anal is situated a 
short distance from the end of the body, and has short incon- 
spicuous lower lobes, with an pointed lobe above. 
The branchial sac is oblong, with numerous longitudinal and 
transverse vessels and a broad ventral duct. The stomach is 
about as broad as long, subglobular, with the ends truncated 
and the surface covered with numerous, interrupted, longitudinal, 
glandular ridges. The post-abdomen is nearly filled by the 
large, elongated ovary, which extends nearly to the posterior 
end on the dorsal or atrial side, and contains numerous closely 
packed ovules of comparatively large size, and the conspicuous 
male organs, extending through the whole length on the ventral 
or branchial side, in the form of a slightly convoluted, dark 
colored duct. The posterior end terminates in a small, obtuse 


papilla. The atrium, or cloacal cavity, contains eggs in which 
the —- are well developed, and in some cases the free, 


tadpole-shaped larve. The tunic is speckled with numerous, 
minute, purplish-brown pigment cells. 

One of the larger adult individuals measured ‘80 of an inch 
in length ; thorax ‘08; abdomen ‘06; post-abdomen ‘16 ; diameter 
of thorax ‘031 to 035; of abdomen about the same; of post- 
abdomen ‘015 to 020. 


Amouroucium stellatum Verrill, sp. nov. 

This species forms large, erect, crest-like plates or fronds, at- 
tached at the lower edge to stones and pebbles by short root-like 
extensions; the outer and upper edges are subacute or rounded, 
divided into two broad, rounded lobes above. The frond is 
2°5 inches high, and about the same in breadth, the thickness 
varying from ‘20 to ‘85 of an inch. The tissue is firm and car- 
tilage-like externally, softer within; surface smooth and gla- 
brous, without adbering sand. The zodids are arranged in 
nearly circular and pretty regular stellate groups, usually con- 
taining from six to fifteen individuals, arranged around a central 
sub-circular orifice; in contraction the position of each individ- 
ual is indicated by an oval spot, more transparent than the 
common tissue, with a small flake-white spot around the bran- 
chial orifice. 
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The individual zodids are elongated and slender; the post- 
abdomen more slender, usually considerably exceeding in 
,length the rest of the body, and but slightly constricted at 
base; the thorax and abdomen are shorter and stouter than in 
the preceding species; branchial sac with about 12 transverse 
vessels; stomach oblong-oval, with numerous longitudinal 
glandular folds; intestine large. Branchial orifice with six 
short lobes; anal orifice terminal or nearly so, close to the bran- 
chial, with an acute upper lobe. 

Color, in alcohol, milky white, subtranslucent; zodids yel- 
lowish. One of the larger zodids measured ‘31 of an inch in 
length ; the thorax 085; the abdomen ‘062; the post-abdomen 
‘165; diameter of thorax ‘045; of post-abdomen ‘025. 

Wood’s Hole, Mass.,—Prof. H. KE. Webster. 

This species is easily distinguished from all the preceding by 
its large, upright fronds, circular systems, and the regular stellate 
arrangement of the zodids, and by its firmer texture and smooth 
surface. 

Macroclinum, gen. nov. 

Allied to Aplidium, forming thick, fleshy masses, of various 
forms; without cloacal openings or common ducts, each indi- 
vidual having its own branchial and anal orifices, side by side. 
Systems scattered, usually rather indistinct. Animals elongated, 
slender; post-abdomen narrow, much longer than the abdomen 
and thorax taken together, filled with voluminous ovaries, 
placed on each side of the median duct; eggs small and very 
numerous; stomach deeply lobed; intestine long, often convo- 
luted; anal orifice terminal or subterminal, near the branchial, 
subcircular or somewhat bilabiate, the upper side with a rather 
prominent lobe; branchial with six rounded lobes or short pa- 
pill. Type, Jf crater. 

Savigny included in his genus Aplidiwm two “tribes,” each 
containing several species, but differing considerably in struc- 
ture. In the first tribe, to which the name, Aplidum, should be 
restricted, the post-abdomen is 
short and rounded and the 
ovaries are clustered and con- 
tain few large ovules; the anal 
orifice is on the side of the 
thorax and distant from the 
branchial. The second tribe 
appears to correspond nearly 
with our genus, MJacroclinum, the post-abdomen being very 
long, with the ovaries arranged along each side; but there is 
considerable diversity in the arrangement of the anal orifices, if 


Figure 23.—Macroclinum crater, showing in outline a section through the middle, 
natural size. The animals are omitted on one side.—Original, by A. E. V. 
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correctly figured. The species are MZ. effusum from the Gulf of 

Suez, MT. gibbulosum and MM. caliculatum from Europe. M. nutans 

(Johns., sp.) from England, appears to be anotlier species. 
Macroclinum crater Verrill, sp. nov. Figures 28 to 25. 

This species forms large, thick, gelatinous, but firm masses, 
which have a circular outline, with the upper surface deeply con- 
cave or cup-shaped. The surface is covered with a thin layer of 
closely adhering grains of fine sand, which are also diffused 
throughout the mass. The 95. 
branchial and anal orifices are 
quite small, close together, and 
scarcely visible in the contract- 
ed state. Animals rather large, 
and pretty uniformly scattered 
through the mass, but in some 
parts forming large, irregu- 
lar, somewhat circular groups. 
The thorax and abdomen are 
comparatively small, together 
usually less than one-fourth of 
the entire length; the branchial sac has about 
16 transverse vessels, with numerous finer lon- 
gitudinal ones; the branchial orifice has six 
small papille ; the anal is terminal, and slightly 
bilabiate, with the lobe above it broad and 
usually recurved at the tip. The stomach, in 
most of the examples examined, was empty 
and badly contracted ; it appears to be deeply 
lobed. The post-abdomen is very long and 
connected to the abdomen by a somewhat nar- 
rower, short pedicel. A conspicuous median 
duct extends the whole length, with the vol- 
uminous ovaries on each side. The ovules 
are very small. 

The common mass is 1°75 inches in diam- 
eter, and 1 high; the largest individuals are 
‘50 to ‘65 of an inch long, and 06 to ‘07 in di- 
ameter, at the thorax. 

Color in alcohol translucent yellowish white; the animals 
light yellow. 

Banks of Newfoundland,—T. M. Coffin. 

Figure 24.—One of the individual animals, extracted and enlarged 7 diameters; 
a, anal orifice; b, branchial; c, branchial sac; e, stomach; f, intestine; h, heart; 
0, ovary; g, egg in process of development in the cloacal chamber or atrium; s, 
spermatic duct.—Original, by A. E. V. 

Figure 25.—View from the opposite side, showing the thorax and abdomen of 


another individual, enlarged 10 diameters; g, termination of the intestine, which 
is filled with foecal matter; 7, ventral duct of the branchial sac; n, cloacal chamber. 
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With the last species Mr. Coffin otbained another, which is 
not well enough preserved to admit of accurate determination. 
It may be a species of Amouroucium, or another Macroclinum. 
It forms broad incrustations, 2 or 3 inches across and about ‘25 
thick in the center. The marginal portion is thin and covered 
with adherent grains of sand; the central part is smooth and 
glabrous, slightly convex. The zodids are about 30 long, 
with a long post-abdomen, which is not pedicellate, resembling 
that of A. glabrum. 


Art. XLV.— Amazonian Drift; by Prof. Ca. F. Harrt, of 
Cornell University. 


Pror. AGassiz has claimed that the structure of the Ama- 
zonian valley is very simple; that, from one end to the other, 
there was laid down in the fresh water lake formed by the dam- 
ming up of the mouth of the valley, by a glacial moraine, beds 
of sands, clays and sandstones, filling the valley to the height of 
several hundred feet above the present level of the river ; - that, 
from the bursting of the barrier and the draining of the lake, 
the uppermost beds were denuded down, and swept off from 
over a very great part of the valley, leaving only isolated out- 
lines as a series of table-topped hills or serras, like those of Al- 
meirim, Paratiquara, Velha Pobre; that the lake, reduced to a 
lower level, then threw down over the denuded portion, a sheet 
of clay, the river finally cutting its channel through this clay 
and the underlying sand, &c. Hedid not claim to have found 
grooved or stri iated surfaces in the Amazonas, and the only 
instance of supposed erratics he gives is that of the diorite 
found on the flanks of the serras of Ereré. Prof. Agassiz gave as 
a type of the table-topped hills the serra just mentioned. Last 
summer, in making an examination of the lower part of the 
Amazonian valley, I visited Ereré and spent a month in its vi- 
cinity going over the ground on foot in every direction, and in 
the most detailed way. 

The serra does not belong to the system of table-topped hills 
of which Paratiquara and Velha Pobre are examples. These 
last and the range of highlands on the south of the Amazonian 
valley are composed of soft materials ; they are perfectly flat on 
top and descend on all sides by a steep even slope; moreover, 
the strata composing them are horizontally disposed. 

Ereré is a short, narrow, irregular ridge about 800 feet in 
height, several hundred feet lower than the table- topped hills, 
the top being anything but horizontal. The strata composing it 
are principally a heavy- bedded coarse white sandstone exceed- 


ingly hard, with bands of indurated feldspathic clay. These 
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beds dip to the southeastward (approximately), with an angle 
in some places of 15 or 20°. 

On the northern side of the serra and extending close up to 
its base is an extensive plain composed of a series of coarse 
shaly sandstones, shales, and cherty beds, quite horizontal, and 
not participating in the disturbance which the strata of the 
serra have suffered. These beds contain trilobites of the genus 
Dalmanites, with species of Spirifer, Orthisina, Chonetes ?, Dise:na, 
Lingula, Leptoceelva, Tentaculites, &c. Specimens of these have 
been submitted to Prof. Hall who writes me that they indicate 
a horizon equivalent to the Upper Helderberg. The conclusion 
seems inevitable that the serra is pre-Devonian in age. The 
Devonian rocks of the plain are broken through by a perfect net 
work of dikes of trap now decomposed. The end of a curious 
low ridge that runs off at right angles from the serra consists 
of a large mass of trap. This has given rise to a great num- 
ber of boulders of decomposition which lie on the surface or are 
buried in decomposed rock. They have been carried down 
the beds of torrents but they are nowhere erratics. To speak 
broadly, I did not see either at Ereré or in any part of the 
Amazonas, anything that would suggest glacial action. So far 
as the province of Para is concerned, the ‘clays, sands, &c. form- 
ing the lower lands are far from being uniformly distributed, 
and are very puzzling to study. The arrangement of the mate- 
rials varies in different regions, and many of the deposits are local. 
In part, the lower lands are formed from the wearing down of 
the great sheet of clays, &., of which the Almeyrine hills are 
relics, in part they are of brackish or fresh water origin when 
the river stood at a greater height; and much is the very recent 
work of the river. The variegated clays belong to several dis- 
tinct epochs. Superficially examined they appear to be uni- 
versally distributed, but it is very far from being the case. It is 
impossible to recognize beds of clay in the Amazonian valley 
simply from lithological characteristics. It is sufficient to say 
that variegated clays of exactly the same appearance and struc- 
ture, because formed of materials reworked or drawn from the 
same source, occur in the Devonian, Carboniferous, Tertiary and 
in half a dozen successive formations of recent times. 

I have referred the beds of the table-topped hills to the Ter- 
tiary. Some of the clays and sandstones of the loyer Amazo- 
nas may also be later Tertiary ; but many are undoubtedly recent, 
they are full of leaves of modern species. Near Santarem I 
found a bed of recent fresh water mussels, Castaleas, Hyareas, 
Unios, &c., whose upper limit was at least fifty feet above the 
level of the highest Amazonian floods. This is in exact accord 
with the ry have given elsewhere—being on the late rise of 
the Brazilian coast, a rise which extended itself into the inte- 
rior. Before this rise the land stood much lower than at present ; 
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the island of Marajé did not exist, and the Amazonas formed an 
estuary opening widely to the sea. Not only were the lower plains 
of Para flooded, but immense tracts of the province of Ama- 
zonas were covered with water. How far this salt water pene- 
trated I do not know, but the shells of Pebas show that at one 
time its influence may have extended far up toward the Andes. 
At the time of the growth of the Santarem shells the water 
may have been brackish. With the gradual rise of the conti- 
nent, not of the Andes alone, the fresh waters drove down the 
salt, the narrow river bed with its numerous channels was hol- 
lowed out of the emerging bottom, the sea began to attack and 
cut away the coast lands, and the present estuary condition of 
the mouths of the great river was brought about. I have not 

et told half the story of the history of the Amazonian valley. 

t is by no means a simple one, and there are more episodes in 
it than we have hitherto dreamed. The Amazonas is a world, 
and no one man need hope to exhaust its wonders. 

Cornell University, Ithaca, N. Y., Feb. 23d, 1871. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


1. On some Lecture-experiments.—(1.) To show the reciprocal 
combustion of the elements of water, JuLius THomsEn proceeds 
as follows: two narrow tubes of platinum, a centimeter long by a 
millimeter in diameter, formed by rolling up a piece of foil, are 
melted into the ends of two narrow glass tubes, and serve for the 
jets. These glass tubes pass through a rubber cork, distant from 
each other about a centimeter. One of them communicates with 
an oxygen gas-holder, the other with one containing hydrogen. 
The cocks of both are opened, the hydrogen is ignited and the 
stopper with its tubes, is introduced into a wide glass tube 10 or 
15 centimeters long, slightly constricted at its lower end, and 
drawn to a narrow opening above. The hydrogen now burns in 
the oxygen, the platinum jets protecting the tubes. If now the 
oxygen be gradually shut off, a point will be soon reached where 
the amount present will be insufficient for the combustion of the 
hydrogen; the flame expands, and apparently disappears, but in 
an instant re-appears upon the oxygen tube, the oxygen now burn- 
ing in hydrogen. On admitting more oxygen the flame passes 
over again to the hydrogen tube as at the first. This exchange 
may be repeated as often as is desired without extinguishing the 
flame and without danger, if the oxygen be let on and cut off with 
sufficient slowness. 

(2.) ‘To show that oxygen may burn with a smoky flame, Thom- 
sen uses the vapor either of turpentine or of benzol. Some benzol 
is heated to boiling in a long-necked flask closed with a stopper, 
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through which passes a central tube a centimeter in diameter, 
and also a small lateral one, bent to one side. The vapor is ignited 
at the mouth of the large tube, and a small tube recurved at its 
lower end, through which a stream of oxygen is passing, is immedi- 
ately inserted, the opening being closed by a cork which slides upon 
the small tube. The flame of the benzol vapor is thus extinguished 
and the oxygen burns in the vapor in the flask, with a smoky flame. 
The excess of vapor passes off through the small lateral tube. 

(3.) The prczesses of oxidation and reduction and the conse- 
quent changes in weight, Thomsen shows thus: cupric oxide is 
mixed with gum-water to a stiff paste and formed into cylinders, 
flattened on their sides, about a centimeter in diameter and 3 
centimeters long. These are then dried, ignited, and reduced by 
hydrogen at the lowest temperature possible. A cylinder of 
metallic copper is thus obtained, very porous but sufficiently co- 
herent to retain its form. ‘These are wound with platinum wire, 
the two ends of which are melted into glass tubes by which they 
are handled. Two small tubulated glass bells are filled, the one 
with hydrogen, mouth downward, the other with oxygen, mouth 
upward, by displacement, the gases being allowed to flow slow ly 
into them during the experiment. One of the copper cylinders is 
warmed to expel moisture, and immersed in the oxygen; it is 
raised at once to ignition and remains so until completely oxidized. 
It is then plunged | into the bell-jar of hydrogen; it again begins 
to glow, the water formed runs down the side of the bell, and the 
cylinder is reduced to copper again. These combustions, the one 
in oxygen, the other in hydrogen, both evolving much light and 
heat, are very striking ; and as the increase in w eight of the cylin- 
der by oxidation is almost a gr am, it may be shown on an a 
balance.— Ber. Berl. Chem. , lii, 930, Dee. 1870. .F. B 

2. On Ozone and ER and NassE hens investi- 
— the production of antozone by the method of Meissner (this 
ournal, Il, xxxvii, 325, xxxviii, 18, 1, 213), They used an ozon- 
izing tube 85 centimeters long, containing 28 wires enclosed in 
glass, and a coil sufficiently powerful to render the entire bundle 
of electrodes luminous in the dark. If the ozonized oxygen be 
passed through a U-tube 30 centimeters long and one centimeter 
in diameter, containing zinc-sodium in fragments, the ozone odor 
disappears completely. If the same tube be placed between the 
potassium iodide solution and the water over which the cloud 
appears, the formation of the cloud is not interfered with; thus 
showing that it is only the ozone and not the antozone which is 
destroyed by the zinc-sodium. Since Meissner concedes that the 
ozone must be removed to detect the antozone, it follows that 
were the antozone formed in the electrizing tube, the gas issuing 
from it after passing through the zinc-sodium tube and thus being 
deprived of ozone, should, on bubbling through water, produce a 
cloud ; but this the authors find not to be the case. oreover, 
they show that if the stream of oxygen issuing from the potas- 
sium iodide solution be passed through a tube 1°3 meters long, 
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filled with fused calcium chloride, the antozone disappears; while 
ozone passed through such a tube is unaffected. But if the gas 
from the ozonizing tube be passed directly through this calcium 
chloride tube, then through potassium iodide solution and then 
through water, the cloud appears with full strength. Engler and 
Nasse hence infer that the antozone is formed when the ozone is 
destroyed in presence of water; and only then. Whence they 
conclude with v. Babo and Weltzien, that antozone is only hydro- 
gen peroxide. In support of this view they give the following 
experiments: (1.) The stream of electrized oxygen, deozonized by 
a solution of potassium iodide, was passed through a spiral tube 
1°5 meters long, and found to give the mist on passing through 
water. This spiral was then heated in a zine chloride bath; as 
the temperature rose, the mist formed became less and less, disap- 
pearing completely at 170°, and returning again as the tube cooled. 
(2.) The stream of deozonized oxygen was passed through a short 
tube containing fragments of potassium hydrate, and then through 
four narrow tubes 60 centimeters long filled with glass-fragments ; 
but its mist-forming power was hardly weakened ; when these tubes 
were cooled to —20°, however, no mist appeared on passing it 
through water; and when two narrower and empty tubes were 
used, and the stream of gas continued for 24 hours, water condensed 
in them which gave the reactions of hydrogen peroxide. In con- 
clusion, the authors show that the division of oxides by Schénbein 
into ozonides and antozonides is not well founded.—Ann. Ch. 
Pharm., cliv, 215. G. F. B. 

3. On the Peroxides obtained by Electrolysis.—W "RNICKE has 
analyzed the metallic films deposited upon the positive electrode 
in the electrolysis of solutions of certain metals. The following 
are his conclusions: (1.) The so-called peroxides, deposited by 
electrolysis from neutral or alkaline metallic solutions, are hy- 
drates of the composition H,9 or (R,)"0,, 2H,9. (2.) 
The composition and the specific gravity of the bodies examinec 
are as follows :— 


Perplumbic hydrate, Pb0,, 6°267 
Permanganic “ Mn0,,H,90 2°564— 
Perbismuthic “ H,8 5°571 
Percobaltic  2°483 
Pernickelic 2°741 


@.) In thin layers these bodies exhibit the most beautiful inter- 
erence-colors, which may be made available for the estimation of 
the refraction and dispersion of light. For purposes of technical 
metallochromy, the new colors of percobaltic hydrate are particu- 
larly to be noted, on account of the facility of their production 
and their permanence. (4.) All of these compounds are formed 
only with a weak current. If it be too strong, the precipitate 
thrown down on the positive pole contains less oxygen; until with 
a certain strength of current, oxygen only is evolved, the metal in 
the solution being unaffected. In this latter case the author sup- 
poses hydrogen peroxide to be formed, which decomposes the me- 
tallic perhydrate.—J. pr. Ch., II, ii, 419, Dee. 1870. G. F. B. 
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4. A Laboratory Teat-book of Practical Chemistry; or Introduc- 
tion to Qualitative Analysis. A guide to the course of Practical 
Instruction given in the Laboratories of the Royal College of 
Chemistry. With 90 engravings. x4 Ws. G. VaLentin, F.C. 
8vo, pp. xii, 380, London, 1871. (John Churchill & Sons).—One 
of the chief difficulties, which beset the chemical instructor at the 
present day, is that of satisfactorily combining didactic with 
practical instruction ; of teaching by text-book recitation on the 
one hand, and at the same time, of instructing by laboratory 
experimentation on the other. While it is unquestionably 
true that Chemistry cannot be properly learned solely by com- 
mitting a volume to memory, it is equally true that it cannot 
be mastered by working solely with apparatus. Both the in- 
tellectual and the manual discipline are necessary. In the book 
before us, the author, fully recognizing these two phases of the 
subject, has attempted to combine them. We have here not a 
dry enumeration of facts, to be proved by experiment and then 
stored up individual and alone. Nor on the other hand, have we 
a book to be memorized and recited from, parrot-like. “It has 
been the author’s endeavour,” he says in his preface, “ to enter only 
so far into theoretical considerations as was absolutely necessary 
to explain the laws which govern chemical changes, and to make 
the beginner practically familiar with the properties of elementary 
matter, and the most important forms of combination.” 

The work is divided into two parts. Part First consists of “ 100 
elementary exercises, introductory to General Chemistry and to 
Qualitative Chemical Analysis.” Part Second is a course of Quali- 
tative Analysis proper. In the first part, the student begins by 
performing simple and clearly discribed experiments with hydro- 
gen and continues with oxygen, sulphur, chlorine, etc., and their 
compounds, the theoretical knowledge being gradually worked 
in as it is required. In the second part the usual division of the 
bases and acids into groups is followed, the whole being well 
arranged. Frankland’s notation, wherein every chemical com- 

ound is formulated upon the type of the highest equivalence of 
its dominant atom, is used throughout. The atom of highest 
combining power in every molecule, is written first in heavy full- 
faced type, thus, WO, Ago, $0,Zno”, BNao,, ete. Graphic for- 
mulas are also freely employed. At the end of each chapter in 
both parts, are questions for examination, which are remarkabl 
full and thorough. The reactions in all cases are given, and all 
the facts which help the student to a complete knowledge of the 
substance under examination are fully stated. Frequent examina- 
tions are recommended, and these are to be conducted like recita- 
tions. Copious tables in the appendix contain a condensed state- 
ment of the analytical processes, of the solubilities of salts, and 
of the metric system of weights and measures. 

We have rarely seen a better book to teach from than this. In 
its plan and the mode of carrying it out, its clearness, thorough- 
ness, accuracy and attention to detail, it is, in our view, one of the 
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best works of its kind in the English language. The wood-cuts 
are excellent and the style of the book is mechanically unexcep- 
tionable. G. F. 

5. A Series of Chemical Problems for use in Colleges and 
Schools. Adapted for the Preparation of Students for the Gov- 
ernment Science and Society of Arts Examinations; by T. E. 
Tuorpe, Ph.D., Professor of Chemistry in Anderson’s University, 
Glasgow, with a Preface by Professor Roscor, B.A., Ph.D. F.R.S. 
67 pp. 16mo. London, 1870. (MacMillan; Manchester, James 
Galt & Co.)—This little volume contains an excellent collection of 
practical problems, such as every chemist has to deal with, 
founded upon the modern nomenclature and notation, with simple 
formule for their solution, and systematically and very clearly 
arranged. The best and most recent determinations are employed 
as data, and an appendix contains a number of very useful 
auxiliary tables of physical and chemical constants, logarithms, 
&c. The exercises relating to specific heat, latent heat, calorific 
power, and calorific intensity are especially fresh and valuable. 
The volume is well calculated to serve both as an aid to the 
student, and as a practical reference book. A, W. W. 


II. AND NATURAL HIsTory. 


1. California Geological Survey.—Ever since the first inaugu- 
ration of this great work (in 1860), we have from time to time 
given our readers accounts of its progress, reporting the results of 
its explorations and the appearance of its publications, calling 
attention to the high ability and excellent spirit with which its 
labors were carried on, and expressing our hearty desire for its 
continuance, and completion upon the scale on which it was begun. 
Only two months ago (above, p. 70), its last published report was 
noticed in this Journal—the first volume of Ornithology, contain- 
ing the land birds of the western side of the continent. Since 
then, the edition of the same with colored figures has appeared, and 
fully justifies the expectations entertained of it. The plan of 
giving highly colored illustrations in the text itself, on the same 
page with the letter-press, is quite new, and its success, which is 
complete, will be likely to make an era in the history of illustrated 
works on natural science. The admirable quality of the paper 
used, and the skill of the colorist, have united to produce a result 
which must satisfy the most critical taste. 

The second volume of Ornithology, which will contain the 
water-birds of the whole country, is in process of preparation. 
The volume of Conchology, which Dr. Carpenter undertakes, is like- 
wise begun; and Prof. Brewer of Yale, formerly assistant on the 
survey, is rapidly working up the botanical material for publica- 
tion, aided by Prof. Gray, and by others specially qualified for the 
work. The abundant collection of mammalian fossils is committed 
to Dr. Leidy for treatment. The fossil botany is undertaken by 
Prof. Lesquereux. The volumes already issued contain descrip- 
tions and figures of the invertebrate fossils by Mr. F. B. Meek 
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and Mr. W. M. Gabb. It thus appears that Prof. Whitney has 
called to his aid the best available talent in working out the 
results of the survey in special departments. Meantime, the field- 
work, and the elaboration of the geological and topographical 
data collected, are going on rapidly under his direction. 

The — of preparing maps for the accurate delineation of 
the geology of a vast state of almost unknown geography, has 
led to an expansion of the topographical work far exceeding what 
was anticipated, and constituting a step of very great importance 
in the history of American geography. Accurate detailed maps, 
from actual surveys, of extensive inland regions, including grand 
mountain features, had not been produced before in the country, 
at least on anything like the same scale. Nor has the beneficial 
activity of the survey in this direction been limited to California ; 
the survey of the 40th Parallel is to be accounted one of its fruits, 
the two heads of the latter, Messrs. King and Gardner, having 
begun their Western work in California under Prof. Whitney, and 
undertaken their survey in continuation and completion of his. Of 
the maps of the California survey, there have appeared hitherto 
those of the Yosemite valley and of the High Sierra in its vicinity 
(in the Yosemite Guide Book), and that of the region adjacent to 
the Bay of San Francisco, the last on a scale of two miles to the 
inch ; a much larger map, including about 60,000 square miles of 
the central part of the State (occupied by more than nine-tenths 
of its population), is far advanced, one of its four sheets (the 
S.W. corner) being already engraved, and a second (the S.E. one, 
containing the highest part of the Sierra) in the engravers’ hands. 
This is on a scale of six miles to the inch; it will be issued in 
duplicate, as geological and as a topographical map. Another, of 
the whole State, at eighteen miles to the inch, is finished, and is 
intended to serve as a preliminary geological map, and to accom- 
pany the second volume of geology, of which the printing will be 

egun next summer. Among the regions which have been re- 
cently receiving particular attention is that of the ancient river- 
channels, on the western slopes of the Sierra, which a party has 
for a long time been engaged in exploring and mapping, and on 
which a full report is soon to be made; also, the White and Inyo 
ranges of mountains, east of the Sierra and of Owen’s valley; 
and the vicinity of Clear Lake, in the northern coast ranges. 

We cannot express too strongly our sense of the importance of 
this survey, and of its value to the people of the whole country 
as well as of the State which it particularly concerns. That, after 
its temporary suspension (1868-70), it was taken up again and 
vigorously pushed, is highly creditable to the enlightenment of the 
California people; and it is not to be believed that they will again 
falter in the support of a work which is bringing them so much 
honor throughout the world, and helping to lay a sure foundation 
od the future successful development of the resources of the 

tate. 

2. Geological Survey of Illinois: A. H. Worthen, Director. 
VoL IV. Geology and Paleontology. Geology, by A. H. Wor- 
THEN, and Assistants H. M. Bannister, Frank H. Bravery 
and H. A. Green: Paleontology, Section 1, Descriptions of 


i 

i 
| 


302 Scientific Intelligence. 


Vertebrates, by J. S. Newpery and A. H. Wortuen; Section 2, 
Description of Plants, by Leo LEsQuEREUX. 508 pp. royal 8vo, 
with 31 plates—Much has been done in this country in the way of 
Geological Surveys. Yet only two States east of the Rocky 
Mountains have carried forward such surveys to anything ap- 
proaching a worthy completion. These two States are New York 
and Illinois. Fortunately they supplement one another, so that 
a geologist, by possessing the reports of the two, when they are 
finished, will have quite a good account of the rocks and fossils of 
the whole range of the Paleozoic formations of the country. New 
York carries forward the subject to the Coal formation, while 
Illinois gives much that is new from the earlier limestones, and . 
continues the geology through the Carboniferous period, in which 
part of the series the State is particularly rich.* 

The fourth volume just issued is, like its predecessors, a hand- 
some volume, and full of valuable material. Most of the counties 
here reported on are within the coal basin; and the reports are 
full of Fad details of Coal-measure sections—highly important to 
the local student and to capitalists interested in coal and iron, but 
including few matters of general interest. A hasty glance shows 
that the coal tonnage of these counties is immense, being approxi- 
mately as follows :—Adams county, 830 millions of tons; Brown, 
400 millions; Schuyler, about 1750 millions; Fulton, 7000 mill- 
ions; Morgan, 3000 millions; Cass and’ Menard, 4000 millions; 
Tazewell, McLean, Logan and Mason, 30,000 millions; Grundy, 
900 millions ; Will, 66 millions; Kankakee, 40 millions; Vermillion, 
4000 millions ; Edgar, 6000 millions ; Champaign and Ford, 10,000 
millions: total, 70,000 millions of tons. 

As matters of especial scientific interest, in the county reports, 
we note particularly various details and discussions touching the 
Loess; the Drift, with its included or antecedent beds of ancient 
swamp muck ; the shallow artesian wells of the gravel of Iroquois 
county; the ancient channel [probably of a glacier] now filled 
with Drift, which runs south from the southern extremity of Lake 
Michigan ; the outlines, level and drainage of “ Lake Kankakee ;” 
and the old outflow of Lake Michigan by the valley of the Des- 
plaines and Illinois rivers. It is to be regretted that a map pro- 
posed for the purpose of showing details on these latter points 
could not be published with the volume, “ for the lack of means 
to defray the expense of engraving,” even though “the most 
essential parts of it will be transferred” to the large map of the 
entire State, now in course of preparation. Details are given, 
touching the unconformability of the Coal measures with the 
Subcarboniferous, and of the Devonian (or Subcarboniferous) with 
the Silurian. 


* The most of the other States have had surveys in progess; but, in general, in 
= of the earnest protest of those interested in the work, they have been cut 
short when only a fair beginning had been made. Pennsylvania has done the 
best among these States; but still its extended Report, very valuable as far as it 
goes, includes no volume illustrating with plates the fossils of its rocks, the Coal 
plants excepted. Massachusetts has done much, but there is much more to be 
done; and the same is true of other States. 
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The equivalency of the different coals of the Illinois and Wabash 
valleys seems to be still in question; and we shall look with great 
interest for the thorough discussion of this subject which Prof. 
Worthen will doubtless give before closing his work. 

The second part of this volume is occupied with descriptions 
and plates of fossils--Fishes and Coal-plants. Many new and 
interesting forms are described and figured. Prof. W. also notes 
the existence in his collections of enough of ichthyic fossils, as yet 
undescribed, to carry his catalogue of Illinois Carboniferous fishes 
to “something over two hundred species.” 

Mr. Lesquereux, after describing many new Coal-plants, and 
adding much to our knowledge of previously-described species, 
closes with an interesting discussion of facts regarding our jm 
can Coal-flora, which we shall notice more fully hereafter. 

Prof. Worthen promises to complete this series of reports with 
two more volumes, most of the material for which is ready for the 
printer. We learn that the fi/th volume will contain plates of the 
most important and beautiful series of Carboniferous crinoids and 
other echinoderms that has ever been figured or described. Very 
many of the figures have been carefully drawn, with many details of 
their structure, by Mr. F. B. Meek, and the remainder by Mr. 
Charles K. Worthen (son of the Director of the Survey), under Mr. 
Meek’s direction. Including some of fishes there will be about 
forty plates. 

3. Burning of the State Geological Rooms at Springjfield, 
Ilinois.—On the night of the 22d of February, (after the 4th 
volume of the Illinois Geological Report, above noticed, was 
received by us,) the building containing the State Geological 
Rooms and Collections was burned. The fire took in a book-bind- 
ery adjoining, and, “in five minutes after the alarm was given, the 
upper part of the building was a sheet of flame.” Prof. Worthen’s 
son, who was sleeping that night in the office, succeeded in 
removing all his father’s library and private cabinet, before it 
became necessary for the engines to play upon the building. The 
State Collections, which contained the most complete series of 
Carboniferous fossils in the country, if not in the world, besides 
numerous other species, and many Lets unknown elsewhere, were 
greatly damaged by water and by hasty removal, and very many 
fine specimens were ruined. Since the fire they have been trans- 
ferred to the basement of the new Post-Office building, which, as 
it is fire-proof, is safe against such disasters, and where they ought 
to have gone long before the fire. Fortunately, the copies of the 
4th volume were in the hands of another book-binder and escaped. 

This is another warning to all States, Societies or Institutions, 
having valuable collections, libraries or records; there should be 
no rest among the friends of learning until fire-proof buildings are 
aes for such objects. The money argument, that such a col- 

ection as that of Illinois would bring in the market over $20,000, 
has much force. But this amount in dollars is only a fraction of 
the real value to science, or to the people of Illinois. 
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4. Report of the Geological Survey of Iowa, under Prof 

C. A. Wuirr, Vol. Il, 444 pp. 8vo.—The first volume of this 
report is noticed on page 217. The second volume contains a well 
prepared and instructive chapter, of 186 pages, on the wry | 
of the Middle region of Western Iowa and other counties by O. 
St. John, and reports on northwestern, and the middle region of 
northern, Iowa, and on the Coal counties, by Professor White, 
occupying nearly 100 pages. Prof. White next treats of the eco- 
nomical products of the State, exclusive of coal. Then follows 
the valuable chemical report of Prof. Rush Emery, containing 
analyses of rocks, coals, peats, etc. Those of coals are numerous ; 
they have special reference to the economical value of the coals, 
and give the amount of moisture, volatile combustible, fixed car- 
bon and ash. Prof. Emery compares the analyses with those of 
the coals of Illinois, and observes that the amount of moisture is 
perhaps a little in favor of the Iowa coals; the amount of ash is 
almost the same; that of fixed carbon is largely in favor of 
Illinois; while that of the total combustible matter is in favor of 
Iowa. The volume closes with a table of altitudes, and a catalogue 
of birds. The volume contains also a colored geological map of 
the State by Prof. White. 

5. Historical notes of the Earthquakes of New England, 1638 
—1869; by T. Bricuam, A.M., A.A.S. 28 pp. 4to. 
From the memoirs of the Boston Society of Natural History, 
vol. ii, page 1.—This important memoir by Mr. Brigham aims to 
give a list of all the well authenticated earthquakes that have 
occurred in New England, with such notes as could be gathered 
from the records of the time. The number catalogued as having 
been felt over New England since 1638, eighteen years after the 
landing of the Pilgrims at Plymouth bay, is 227. Besides these, 
four earlier ones are mentioned from the traditions of the Indians. 
These were distributed through the months as follows: 

Oct., 19; Nov., 29; Dec., 22; Jan., 20; Feb., 36; Mar., 22..148 

April, 9; May, 13; June, 14; July, 13; Aug., 15; Sept., 10.. 74 

A considerable number of these earthquakes were felt over all 
New England, some of them also over Canada, and a few had wider 
limits. Many of them were comparatively local in their range. 
Three such local regions are deduced by Mr. Brigham from the 
catalogue. These are—i. A region in Canada, somewhat ellipti- 
cal in form, with the city of Montreal as its western focus. 2. A 
region around the mouth of Merrimack river, - New Hampshire 
and Massachusetts and extending to Boston, A region smaller 
than either of these, around New Haven, lhe and East Haddam. 

The author makes some suggestions with regard to the origin of 
the earthquakes, proposing to take up the subject in full at an- 
other time. He thinks it probable that there have been volcanoes 
somewhere in New England, prefacing his remarks by the state- 
ment that our Geological Reports have often been prepared by 
those who had never studied active and extinct volcanoes, and 
adding a remark implying that if Percival had ever “seen a vol- 
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cano,” he would have found them in the trap region of Connecti- 
cut. In reply to this we would state that no region of igneous 
rocks, volcanic or otherwise, was ever studied with more care, or 
with a more exact determination of the facts, than that of Con- 
necticut by Percival. We have followed him over and among the 
various trap ridges of the Connecticut valley, and know positively 
that the trap eruptions were in all cases, eruptions through fissures, 
as Percival states, and not by volcanoes. We deprecate this 
throwing doubt over the accurate observations of others, by one 
who acknowledges that he knows nothing about the facts. 

There are beds of scoriform rock in the Connecticut valley 
among the stratified beds in the vicinity of the trap. They occur 
near New Haven. A remarkable locality exists in Durham, on 
the Air-line railroad, under a bridge just east of Reed’s Gap 
(a gap in the trap hills). At this place, the layer seems to be 
made up of large masses of scoria, some of them from four to six 
inches in diameter. But on a careful examination by the writer, the 
rock proved to be nothing but a scoriform sandstone, particles of 
quartz, feldspar and other ingredients of the Mesozoic sandstone 
being visible throughout the scoria masses, and manifestly con- 
stituting them. It is obviously a bed, like others at New Haven, 
through which steam penetrated freely during the trap eruption. 

Mr. Brigham also suggests that the formation of trap dikes 
may now be going on, from time to time, at various depths below 
the surface; and “that the high temperature they bring in con- 
tact with the cold rock, through which they break, or into whose 
cavities they run, produces the tremors and disturbances we call 
earthquakes.” But there is not an observed fact that authorizes 
us to believe that any eruption of trap has taken place in New 
England since the Mesozoic era. Moreover, earthquakes are not 
produced by the escape of igneous rock. An earthquake is the jar 
from sudden fracture or displacement; it matters nothing whether 
igneous ejections follow or not. The breaking of the rock begins 
the “tremor” if not already initiated. The earthquakes of New 
England may have resulted from a slight yielding to tension 
in the rocks somewhere beneath the region sbaken, a tension that 
may be a consequence of former upheavals or subsidences of the 
region, or of unappreciated movements that are now in progress ; 
or possibly of contraction or expansion below due to subterranean 
change of temperature ; and some of the more local may come from 
a yielding to gravity in rocks beneath, if openings or cavities there 
exist. J. D. D. 

6. Preliminary notice of a new species of Trimerella, from 
Ohio; by F. B. Meex. (Communicated by the author).—Among 
the fossils obtained by the Geological Survey of Ohio (now in 
progress under the direction of Prof. Newberry), and handed me 
for study, there are from the Niagara group some large casts of a 
Trimerella, which I had thought might be a variety of 7. grandis 
Billings. On comparing them recently with Mr. Billings’s typical 
specimens of that species, I have found them quite different and 
distinct. They are proportionally much broader shells, and differ 
in having the beak of the dorsal valve strongly incurved beyond 
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the plane of the connecting edges of the two valves. They are 
also more convex, the ventral valve is more arched, and the ros- 
tral davity of the dorsal valve deeper. The whole length of the 
shell must have been nearly 4 inches, the breadth 24 inches, and the 
co vexity about 14 inches. <A description, with illustrations of 
the species (which I propose to call Zrimerella Ohioensis), will 
appear in the Ohio Geological Report. 

7. The Phosphate Rocks of South Carolina; by Francis 8. 
Hormes, Charleston, 8. C.—In the notice that has been given of 
this pamphlet, its views are not correctly represented. The au- 
thor observes that the “ Phosphate rocks” have been ‘derived by 
denudation from an older formation, viz: the Eocene Marl. He 
states further that the beds of “phosphate rocks” thus produced 
contain the remains of various Post-pliocene land-animals, and are 
therefore Post-pliocene in age. He concludes that in that era the 
regions of these deposits along the coast were in the condition of 
salt-lakes or lagoons and were frequented by the Post-pliocene 
land-animals—* the Elephant, Mastodon, Rhinoceros, Megathe- 
rium, Hadrosaurus [?, the Hadrosaurus is a Cretaceous reptile], 
and other gigantic quadrupeds”—in great numbers, periodically, 
to sip the brine, or later to lick the salt, the areas serving as 
“ salt-licks ;” and that these animals left there their excrements 
and bones. The author holds that the former was the principal 
source of the phosphatic material, the bones adding only a small 
part; and that the excrements of birds did not contribute to the 
formation. He also remarks upon the change of the carbonate of 
lime of the rocks into phosphates by the waters percolating 
through them from the overlying focal layer,—a process referred 
to by J. D. Hague in this Journal, vol. xxxiv (1862), and by Mr. 
Julien in vol. xxxvi (1863), and vol. xl (1865). 

8. South African Diamonds.—The diamond shipments from 
South Africa during the last two years have been as follows, 
according to the official return published in the Standard and 
Mail of the 4th of January: Shipped during 1869, 141 diamonds, 
valued at 7,405/.; during 1870, 5,661 diamonds, valued at 
124,910/7. To these must be added the “Star of South Africa,” 
and some others sent by private means to Europe, valued at 
nearly 15,000/. A large number of the Cape diamonds now in 
London are of an inferior description; and we are informed by a 
large dealer in this gem that none of them are equal to the old 
Golconda gems.—Athen., Feb. 18. 

9. Sciadopitys verticillata of Siebold and Zuccarini is a Japan- 
ese Coniferous tree of considerable interest, as well from the 
peculiar structure of its leaves, as from the striking appearance of 
the verticillate foliage. Von Mohl, in the first two numbers of 
the Botanische Zeitung for 1871, has made an interesting exposi- 
tion of the peculiarities of these leaves, and of the light they 
throw upon the morphology of Conifer, The cotylodons and 
the succeeding whorl! consist of normal leaves. The rest of the 
foliage consists of double leaves, i. e. of two leaves united into one 
body emarginate at the apex, and subtended by a minute scale ; 
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each, therefore, answers to a bundle of pine-needles, on a secondary 
axis, but without the sheath of scales, and the pair of leaves con- 
nate. Mohl shows that the anatomical structure bears out this 
view, and, moreover, that these two lateral leaves are so united 
that their upper face is turned downward as respects the main axis, 
the lower upward. Now Braun and Caspary, as is well known to 
morphological botanists, have drawn from the study of abnormal 
cones of Larch the conclusion, that the ovuliferous scales of 
Abietinee equally consist of two connate carpellary scales; and 
these also present their normally upper face downward, their 
lower face upward; so that it is what answers to the under sur- 
face of the leat that bears the ovules, as it is the under surface that 
bears the fructification in Ferns. A. G. 
10. Musci Appalachiani : Specimens of Mosses collected mostly 
in the Eastern part of North America ; by C. F. Austin. 1870.— 
We have thus far seen only the tickets of this collection, which 
are collected to form a pamphlet of 92 octavo pages, including a 
complete index. There are 450 numbers, and a few intercalations, 
and there are Latin characters of a considerable number of new 
or critical species. Although the collection of the Mosses them- 
selves is, we believe, not yet issued, it is likely to be so before this 
notice is published; and we will take the liberty to announce the 
ublication as one of large extent and of unsurpassed value. The 
imited number of sets makes it likely that they will be taken up 
almost at once. A. G. 
11. Report on the Progress of the State Geologicai Survey of 
Michigan ; presented Nov. 22, 1870, by ALeExanpDER WINCHELL, 
Director. 64 pp. 8vo. Lansing, 1871. Published by authority of the 
State-—We propose to notice this report in the following number. 
12. Annual Report of the State Geologist [G. H. Coox] of New 
Jersey, for the year 1870. 72 pp. 8vo. New Brunswick, 1871.— 
This report is occupied mainly with matters of economical interest 
connected with soils, reclaiming marshes, fixing shore sands, etc. 


III. Astronomy. 


1. Transit of Venus in 1874.—The following letter from Prof. 
Asapu Hatt, of the U. 8. N. Observatory, dated Feb. 25, 1871, is 
gladly published, in view of the importance of early and full delib- 
eration with respect to the approaching transit of Venus.—Ebs. 

I would ask the attention of American astronomers to the ap- 
proaching transit of Venus, that will occur Dec. 8th, 1874. 

The memoirs published by Airy, Hansen, Oppolzer and others 
on the theory of this transit, and the maps which they have given 
for the selection of observing stations, render superfluous, perhaps, 
anything further on this part of the subject. What seems to me 
of the greatest importance is the union of all the American as- 
tronomers, in order that they may act in harmony and so that 
their observations at the various stations shall be made with 
similar instruments and in accordance with a preconcerted plan. 
The importance of such united and harmonious action will be 
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acknowledged, I think, by any one who has ever reduced and dis- 
cussed observations of this kind, for example, those of Mars made 
in 1862. I am confident that it is only by such action, and by 
careful, thoughtful and deliberate preparation, that the American 
observers can obtain results comparable in accuracy with those 
that will be obtained by the German expeditions. I venture, 
therefore, to suggest the following plan of operation. 

Let the National Academy and the American Association for 
the Advancement of Science, at their next meetings, invite the 
attendance of the Directors of all the astronomical observatories 
in the country, and of all who are engaged in astronomical pursuits, 
theoretical or practical, Let these astronomers discuss and decide 
upon the stations to be occupied and the methods of observing the 
transit. They should appoint committees who should have charge 
of procuring instruments, selecting the observers and making prep- 
arations for paying the expense of the expeditions. Besides the 
scientific advantages to be gained, the hearty codperation of our 
astronomers, in the solution of such a problem, will bring about 
mutual acquaintance and recognition of each other’s abilities. 

The first meeting of the commission convoked by Chancellor 
Bismarck for considering the approaching transit of Venus was 
held at Berlin, Oct. 25th, 1869. This commission consists of 
Hansen, president, and of Argelander, Paschen, Bruhns, Forster, 
Auwers and Winnecke; all experienced astronomers except M. 
Paschen, appointed for his knowledge of photography. After- 
ward the commission invited to join in its deliberations Dove of 
Berlin, on account of his knowledge of meteorology, Prof. 
Zillner of Leipsic for his knowledge of spectroscopic observa- 
tions, and Otto Struve, Director of the Pulkowa Observatory. 
The early action of the German government and its wisdom in 
putting the matter into the hands of experienced astronomers are 
much to be commended. We may not be able and may not wish 
to follow the methods proposed by the German astronomers, but 
we must have prompt, deliberate, and concerted action, if we 
would obtain good results. 

2. On a Meteor seen at Konisha, Minn.; by Tucs. M. Youne. 
(From a letter to Prof. Henry, Secretary of the Smithsonian Institu- 
tion, and communicated by him).—TI have the honor to report that 
a meteor exploded over this place at 2°20 p.m. on Saturday, 
February 4, 1871. 

The aérolite seemed to come from the north of east, and when 
it reached a point about four degrees north of west of this place, 
lat. 45°10 long. 94° 10’, and at an elevation of about 38°, it exploded 
with a detonation like the combined roar of a park of artillery ; 
the concussion was so great as to shake houses. [have heard from 
four different points on a base line, 42 miles long, and observers 
at these points were not able to notice any divergence from the 
general direction of N. 86° W., consequently the distance must 
have been great to the point at which the aérolite exploded. 

3. Fall of Meteorie Stones at Concord, Ohio.—Accounts of the 
fall of fragments of a meteorite in Guernsey Co., Ohio, are published 
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in volume xxxi, at page 87, 1861. The following is an additional 
notice of the same fall, from the Zanesville Courier of May 5, 1860, 
communicated for this Journal by Prof. Henry. 

An extraordinary phenomenon occurred on Tuesday, May 1, 
about noon, which has been noticed in many counties in Eastern 
Ohio. This occurrence, although it may be incredible to some, 
was certainly noticed by many in different localities about the 
same time. In this city the explosion, or noise, was distinctly 
heard. At New Concord, 16 miles east, a gentleman, who was out 
in his field, heard a loud crash, similar to sharp thunder; a succes- 
sion of such crashes lasted for about half a minute and then died 
away, like the sound of a receding train of cars. On looking up, he 
observed an object descending with great rapidity, and on mark- 
ing the point where it touched the earth, he there found a stone 
imbedded two feet in the earth, and somewhat warm, weighing 52 
Ibs. Another was found of 56 lbs., one of 40 and one of 36 Ibs. in 
weight, all within the circumference of a few miles. 


IV. MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Recent Auroral displays in the United States.—In vol. 50, 
p. 146, (July, 1870), we have given the dates upon which Auroras 
were reported, by at least one of the observers of the Smithsonian 
Institution for the year 1869, and for three months of the year 1870. 
We now continue these observations to the close of the past year. 


1870. 
April 1, 2, 3, 5, 6, 7, 8, 12, 15, 16, 18, 21, 22, 28, 24, 25, 26, 27, 28, 29, 80. Total, 21 days. 
May 1, 2, 3, 6, 7, 9, 13, 14, 15, 17, 18, 19, 20, 22, 24, 25, 26, 27, 28,29, 30,31. “ 22 “ 


June 8, 6, 14, 15, 16, 17, 18, 19, 20, 23, 24, 26, 27, 30. “ 44 « 
July 1, 2, 3, 5, 6, 10, 13, 14, 15, 16, 18, 19, 23, 24, 25, 27, 28, 29, 30, 31. “ 99 « 
Aug. 2, 4, 7,.12, 13, 18, 19, 20, 21, 22, 28, 24, 25, 26, 27, 28, 29, 30, 31. “ 19 « 


Sept. 3, 4, 6, 7, 8, 11, 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,30. “ 21 “ 
Oct. 1, 3, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,381. “ 21 « 
Noy. 3, 8, 9, 12, 13, 14, 16, 17, 18, 19, 21, 22, 23, 24, 27, 28, 29, 30, ~  & 
Dee. 1, 4, 6, 8, 10, 14, 15, 16, 17, 19, 20, 21, 24, 27, 28, 29, 30. “we 

The following is a summary of the Smithsonian observations for 
the past two years. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov, Dec. Year. 
169 18 12 18 2 14 #17 18 1 2 17 9 18 192 
1870 19 18 2 21 2 14 20 19 21 21 18 17 238 

These observations show a remarkable prevalence of auroras 
during these two years, and it is anticipated that the number will 
soon begin gradually to diminish. E. L. 

2. On the Color of the Lake of Geneva and the Mediterranean 
Sea.—-Mr. Tyndall’s experiments with bottles of water from the 
Lake of Geneva and the Mediterranean sea placed in the con- 
vergent beam of an electric lamp seem to prove that the deep 
blue color is due to the effect of minute foreign particles suspended 
in the water, intercepting and scattering in excess the shorter 
waves of light. The path of the beam through the liquid was 
marked by a blue band. 

From the blueness of the light transmitted through a column of 
the water, he concludes that part of the color must be due to a 
true molecular absorption of the less refrangible elements accom- 
panying the blue. 
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These results accord with those of M. Soret, and with Mr. Tyn- 
dali’s investigations into the causes of the blueness of the ks. 
He suggests that the fine particles suspended in the water of Lake 
Geneva, at least, are probably from glacial streams. 

3. A new Manual of Logarithms to seven places of decimals ; 
edited by Dr. Bruuns, Director of the Observatory, and Pro- 
fessor of Astronomy at Leipzig. 8vo. B. Tauchnitz, Leipzig, 1870; 
(D. Van Nostrand, N. Y.)—The arrangement of these tables is in 
many respects similar to that of Bremiker’s excellent edition of 
Vega’s seven-figure logarithms, The type is larger and clearer than 
that of Bremiker, being of the same Old English form. We agree 
with the editor in preferring it to the Egyptian type of Schrén, 
the only serious objection which we should urge to it being the 
liability to call 6 or 9 by mistake a zero. For the first six degrees of 
the octant the sines, cosines, tangents and cotangents are given to 
every second, whereas in Bremiker only sines and tangents are 
given, and that only for five degrees. For the remaining 39 de- 
grees they are given to every 10 seconds. Wherever space allows, 
the proportional parts of differences are inserted in the margins of 
the parts. The arrangement of the pages in these 39 degrees is 
like that of Bremiker except in putting sines and cosines in ad- 
joining columns. The arrangement for the first six degrees is quite 
different from and is better than that of Bremiker. Extraordinary 
care, it is claimed, has been taken to secure accuracy in printing, 
and the logarithms of the circular functions were independently 
computed, as well as compared with established tables. H. a. N. 

4. Valuation Tables on the “ Combined Haperience” or “ Ac- 
tuaries” Rate of Mortality; by Exizur Wricut. Second edition, 
revised and enlarged. Folios, xi, and 203 pp. Boston, 1871.—In 
the practical application of the principles of Life Insurance this 
country is believed to be in advance of Europe, and for this we are 
not a little indebted, directly and indirectly, to the State valuation 
of policies first carried into effect in Massachusetts by Prof. Wright 
as State Commissioner. These tables are at 3 and 4 per cent interest. 
The latter are those used in the State valuation. 

The few pages of introduction are only enough to make us wish 
that Prof. Wright would develop at length the mathematical the- 
ory of Life Insurance so far as it applies to the methods now em- 
ployed by American companies. H. A. N. 

5. “The Pliocene Skull,” Illustrated. 8 pp. Washington, D.C. 
—Bret Harte’s “ Pliocene Skull,” a humorous poetical version of 
the discovery of the fossil skull in Calaveras Co., California, iden- 
tifying it as that of the “old Pike” (i.e, from Pike Co., Mo.), Joe 
Bowers, famous in gold hunters’ song, has been very cleverly illus- 
trated by Dr. E. M. Schaeffer, son of Prof. G. C. Schaeffer, of Wash- 
ington. The sketches add much to the point and wit of the verses. 


Mayer WeTHERILL, Professor of Chemistry in Lehigh 
University, South Bethlehem, Pennsylvania, died suddenly of heart 
disease on the 5th of March, aged forty-seven years. 


R. Bunsen— Calorimetric Investigations. 
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fastened on a heavy iron stand by means of a vice, whose jaws 
surround tightly the lower part of the iron head-piece d. 

The amount of heat which a body evolves in cooling from a 
given temperature to 0°C., is determined by dropping it into 
the water in the vessel a and thereupon closing the vessel at 6 
with a cork, to prevent any circulation of air. If the problem 
be the relative measurements of quantities of heat, as in the 
determination of specific heats, then the standard of comparison 
is directly afforded by the number of scale-divisions which 
the mercury thread has passed on its retreat. If the readings 
are rendered in an absolute measure, as for instance, in grams of 
melted ice, or in units of heat, as the unit in the following pages, 
(always that quantity of heat being understood which one gram of 
water at 0° C. absorbs in order to raise its temperature to 1°C. ), 
then it is only necessary to multiply the readings on the scale 
with a constant which results from the following ‘consideration. 

A mercury thread measured in the scale tube, which has the 
temperature ¢° and occupies T divisions of the tube after being 
corrected by the calibration table, weighs g grams. Let further 
the specific gravity of mercury at 0° C. be S,, its coefficient of 
expansion a, then is the volume v of a corrected division on the 
scale, measured in cubic centimeters, 


— 9 
For the instrument which I wed, the values were: 
= 0°5326 a= 0°0001815 t= 9° C, 
S, = 13°596 T = 507°4 
and therefore 
v = 0°00007733 ce. - - - (1) 


If the specific gravity of ice at 0° C. be dunaned by S., the spe- 
cific gravity of water at the same temperature by S,, the weight 
of melted ice expressed in grams, which corresponds to the 
volume v, that is, to one scale division with p, then is 


1 1 


Ss. S, 


or (2) 


With regard to the specific gravity of ice we have many obser- 
vations, The following comparison shows how little they agree 
among themselves. For S, 


Thomson found 0°920 Plicker and } 0920 
Heinrich, 0°905 Geissler, | 

Osan, 0°927 Kopp, 0-908 
Royer and Dumas, 0°950 Dufour, 0°922 (max.) 


Brunner, Dufour, (min.) 


